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NOTES ON THE HABITS OF JUNE BEETLES IN row A 
(PHYLLOPHAGA - COLEOPTERA) 1 
BERNARD V. TRAVIS2 
From the Section of Entomology, Iowa .Agrioultural Experi7nent Station 
Accepted for publication January 20, 1933 
For many years Iowa farmers have been writing for information con-
cerning the habits and control of June beetles and their grubs. The answers 
for these questions have been taken largely from the writings of workers 
in other states, since little attention has been given in Iowa to the habits 
of the adult beetles. The present report is based upon experimental work 
done in various parts of the state during the spring and summer of 1932. 
It includes observations on evening and morning flights of beetles, notes 
on copulation, and results of some light trap studies. Collection data are 
presented on the following species: Phyllophaga hirtwula (Knoch), P. 
tristis (Fab.), P. futi1is (Lee.), P. fusca (Froel.), P. rugosa (Meis.), P. 
hornii (Sm.), P. inversa (Horn), P. vehemens (Horn), P. implicita (Horn), 
P. ilicis (Knoch), P. marginalis (Lee.), P. micans (Knoch), P. congrua 
(Lee.), P. crenulata (Froel.), P. prunina (Lee.), P. drakii (Kby), P. witida 
(Lee.), P. fosteri (Burm.), P. balia · (Say), P. fraterna Harris, and P. 
vilif rcnis Lee. 
EVENING AND MORNING FLIGHTS OF BEETLES 
With a few exceptions [P. farcta (Lee.), P. cribrosa (Lee.), P. lanceo-
lata (Say), and P. epigaea (Wickh.)] Phyllophaga adults are typically 
nocturnal in habits. During the day the beetles may be found in the soil, 
under rubbish, logs, and boards. Early in the evening the adults leave 
these places, migrate to food plants, feed and mate, and with the coming 
of daylight they return to secluded places. 
The literature is somewhat indefinite relevant to evening and morning 
periods of flight. S. H. Linton (1888) gave one of the early records con-
cerning the time of flight of June beetles. He observed P. tristis flying 
from sundown until dark. E. A. Schwartz (1891) mentions that during the 
last week of April, at Washington, the evening flight did not start before 
8 o'clock and not before 8 :30 a fortnight later, whereas, at Plum Creek, 
Nebraska, this author noted flights of P. crassissima (Blanch.) occurring 
about one hour earlier than the evening flights at "'vVashington. Schwartz 
observed P. aemula (Horn) flying after dark during the early part of 
March, and in the alpine regions of Utah he saw an undetermined species 
flying at 6 :30 p.m. (9,000 feet altitude) ; later the same species was noted 
in flight half an hour earlier at an altitude of 11,000 feet. Forbes (1907) 
has given the best report of the evening and morning flights of June beetles. 
1 Journal Paper No. B93 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 128. 
2 The writer is deeply indebted to Dr. Carl J. Drake for directing this work and 
assisting in the preparation of this paper, and to Dr. George C. Decker for his assist-
ance in securing many of the specimens. 
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This writer found that flights were completed within a period of 15 to 20 
minutes, the starting time depending upon the clearness of the sky. He 
found that the evening flight began from a few minutes before to a few 
minutes after 8 p.m., and the return flight in the morning began between 
3 :18 and 4 :25 a.m. In 1909 Manee reported P. tristis flying from 6 to 8 
p.m. in North Carolina. Langston (1929) noted P. davisi Langs. in the 
air one hour before dark. 
The daily activities (emergence in the evening and the return to the 
soil in the morning) have been studied at four points in Iowa: (1) Leon, 
Iowa (extreme south-central), (2) Ames, Iowa (central), (3) Hampton, 
Iowa (north-central), (4) Marquette, Iowa (extreme northeastern). The 
time of these flights (table 1) agree with the observations reported by Forbes 
(1907) in Illinois. The criterion for the time as listed in table 1 is based 
upon the initial appearance of the beetles in flight. 
Locality 
Leon 
Ames 
Marquette 
Hampto.n 
TABLE 1. E'Vening and morning flight times of Phyllophaga 
(Brood A, 1932) 
Time of evening Time of morning 
Date flight flight 
·-
5-19-32 8:07 3:45 
6-21-32 8:05 3:40 
5-23-32 7:55 3:25 
6-20-32 7:59 3:31 
6-28-32 8:21 -
7- 8-32 - 4:15 
----
5-12-32 8:04 4:00 
6- 1-32 8:00 4:09 
6-18-32 8:05 3:50 
6-22-32 8:01 3:59 
In each of the localities the order of emergence of the different species 
remained the same, even though their starting times varied from 7 :55 to 
8 :21 p.m. When numerous enough in a given locality to permit accurate 
observations, the species typically issued in the following order: P. tristis, 
P. hornii, P. hirticula, and P. rugosa. As a rule, P. tristis preceded the 
other species by about five minutes, after which P. lwrnii, P. hirticula, and 
P. rugosa followed each other at about two minute intervals. 
The morning flights began from 3 :25 to 4 :15 a.m. Movements from 
the trees were accomplished either by (1) flying directly from the leaves 
and twigs, or (2) by loosening their holds and dropping to the ground. In 
the latter case, however, some of the beetles frequently took wing while 
falling and flew away, whereas, others made no apparent effort to fly and 
burrowed into the soil soon after striking the surface. On cool, cloudy 
mornings dropping to the ground was more prevalent than the flight method 
of departure. The different species departed from the trees in the same 
order and with the same relative differences in time in which they came. 
Some records of evening emergence (flight) at Ames were obtained 
under cage conditions with P. hirticula and P. hornii. Morning records 
were not successful in the cages since the beetles did not remain on the 
leaves throughout the night. Invariably the evening emergence extended 
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over a period of approximately 50 minutes. The peak of emergence oc-
curred 15 to 20 minutes after the first beetle issued from its hiding place. 
Twenty-five minutes after emergence was initiated, 71.4 per cent of P. 
hirticula and 71.2 per cent of P. hornii had departed from their hiding 
places. Records of evening :flights for two species are given in table 2 ; the 
cage emergence data compare favorably with field observations. 
TABLE 2. Evening emergence (flight) of P. hirticmla and P. Twrn» 
(Brood A, 193:8) 
Emerged ( percentage) 
Minutes P. hirticula P. lwrnii 
5 4.53 9.05 
10 11.18 14.02 
15 18.53 20.26 
20 20.15 13.02 
25 17.13 14.93 
30 12.57 lo.40 
35 7.88 6.22 
40 4.42 6.33 
45 2.33 3.15 
50 4.28 2.62 
100 100 
At intervals of one minute the beetles were collected as they emerged 
from the soil in the cages. Later the sexes were determined for each col-
lection and the male and female beetles were treated separately (fig. 1, B). 
It is interesting to note that the emergence curves for the sexes are quite 
similar, except that of the male apparently has a slight tendency to form a 
double peak of issuance. In the cage experiments the numbe:r- of individuals 
of P. harnii were much less than in the tests with P. hirticula (see fig. 1, 
A). The peak of activity of the former seemed to be about five minutes 
before that of the latter, but flight in numbers extended over a longer time 
in the case of P. hornii. 
COPULATION NOTES 
The observations on copulation of June beetles include some unpub-
lished records taken by R. L. Webster in Iowa. Some fairly abundant 
species were never seen in copula. Records of pairs found copulating in 
the field are listed in table 4, whereas table 3 gives complete records for 
three pairs of P. hirticula and four pairs of P. tristis. All pairs in coitu 
observed by the author were found on their food plants with one exception, 
P. crenu'lata being taken on grass under an oak tree. 
TABLE 3. Length of oop·ulation time of Phyllopllaga 
(Brood A, 1932) 
Species Time started Time ended 
~~~~~-~~~-1-~~~~~~~~~~-1-~~~~~~.~~---
P. hirtuoula 8:46 p. m. 2:30 a. m. 
II 8:42 II 2:33 II 
" 8:51 II 11:45 p. m. 
8:32 II 9:19 " P. tri.sti8 
" 8;37 II 9:20 " 
8:42 II 9:21 " 
II 8:37 9:30 " 
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TABLE 4. Copulation time of Phyllophaga 
Species 
crenulata 
II 
II 
iliois 
anxia 
II 
II 
II 
II 
,, 
rugosa 
II 
,, 
,, 
,, 
II 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
II 
,, 
,, 
,, 
,, 
balia 
futilis 
implici.ta 
prunina 
*Records of R. L. Webster 
Time observed 
8:35 p. m. 
8:41 ,, 
8:30 
8:47 ,, 
9:05* 
9:30* ,, 
9:30* 
9:30* ,, 
9:00* 
9:30* 
10:50* ,, 
10:35-10:40* 
8:35- 9:00* ,, 
8:41 ,, 
9:40* ,, 
9:00- 9:28* ,, 
9:41 ,, 
8:53 ,, 
10:37 ,, 
11:01 ,, 
8:35 ,, 
8:41 ,, 
8:46 ,, 
10:31 II 
11:40 ,, 
12:00 ,, 
1:30 a. m. 
2:00 II 
9:53 p. m. 
9:14 ,, 
9:45* II 
10 10-10:25* ,, 
10 10-10:25* II 
8 30- 9:00* ,, 
8:23 ,, 
8:10 II 
LIGHT TRAP STUDIES 
Two light traps (gasoline lanterns being used as the source of light) 
were operated at Leon, Iowa, during the summer of 1932. Only 1,266 
beetles were taken from these traps during the entire summer. These data 
do not compare favorably with the catches reported by Sanders and Fracker 
(1916) in Wisconsin and other workers. 
Some writers have reported that females of most species of Phyllophaga 
are only slightly attracted to lights. In the case of P. tristis and P. micans 
the writer found that the females outnumbered the males. Of the total 
1,266 beetles collected, 62.3 per cent were males and 37.7 per cent were 
females (see table 6). 
COLLECTION RECORDS 
Over 53,000 beetles were collected during 1932 in Iowa. The speci-
mens are represented by 21 species, P. cxmgrua being recorded for the first 
time in Iowa. Of this group, 14 species were collected on 18 different trees 
and shrubs, 14 species at light traps, and 15 from miscellaneous collections. 
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fosteri 
P. 
balia 
P. 
frat erna 
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Table 5 (continued) 
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I~ I I I I I I I I I 11 I I I I I 21 I al a 
I~ I I I I I I I I I I I I 
I~ I I I I I I I I I I I I I 
I ~·-!--1 --+-I ___,_I -;.-I -;-I -:-----+---il----i-1 I I I I I I 
I~ I I I I I I I I -I I I I I 
I~ I I I I I I I I I I I I I 
It 118,163l 1,417I 677I aa4I 255l 125l 195l 126I 48I 44I 15I 19I 47I 20 I ~ 24,866 1,547 779 483 365 401 239 173 221 168 133 118 23 27 
I I I I al al a ~ 
I I I I 21 I 21 2 ! 
I I I I I 21 2\ 2 : l_l_l_l_l_1l-1l-1 ~ 
I I I I I 11 11 1 ~ 5I 21 21 I 7891 524l 22,807I ci 4 6 1 1 477 348 30,380 53,187 z 
ttj 
9 81 3 1 1,266 872 I sa,187 a 43,029 2,964 1,456 817 620 5261 4341 2991 269 212 148 1371 70 47 1 
~ 
U2 
z 
Species 
P. hirtiau.la 
P. tristis 
P. futilis 
P. fusca 
P. r1bgosa 
P. hornii 
P. inversa 
P. vehemens 
P. implicita 
P. ilicis 
P. marginalis 
P. micans 
P. oongrua 
P. crenulata 
P. prunina 
P. dra1cii 
P. nitida 
P. fosterf. 
P. balia 
P. fraterna I P. vilif1·ons 
TABLE 6. Tht! proportion of sexes of Phylloplwga coUected in Iowa 
(Brood A, 1938) 
Food plants Light traps 
~ I ~ I ~ I ~ I 
Miscellaneous 
~ I ~ I 
No. IP'c't'g. I No. IP'c't'g.I Total No. I P'c't'g. j No. I P'c't'g.j Total No. I P'c't'g. I No. I P'c't'g. j Total 
13,825 37.7 22,875 62.3 36,727 441 55.5 354 44.5 795 71 70.3 30 29.7 101 
6,471 61.0 4,139 39.0 10,610 4 44.4 5 55.6 9 1 100 1 
456 50.9 440 49.1 896 54 94.7 3 5.3 57 114 46.9 129 53.l 243 
203 19.3 850 80.7 1,053 32 61.5 20 38.5 52 25 78.1 7 21.9 32 
150 17.1 786 82.9 876 7 100 7 134 79.8 34 20.2 168 
175 45.2 212 54.8 387 105 70.0 45 30.0 150 4 50.0 4 50.0 8 
127 49.2 131 50.8 258 51 70.8 21 29.2 72 5 55.6 4 44.4 9 
128 56.9 97 43.1 225 
7 6.7 98 93.3 105 17 65.4 9 34.6 26 11 34.4 21 65.6 32 
36 46.8 41 53.2 77 17 100 17 2 100 2 
4 44.4 5 55.6 9 44 100 44 
7 46.7 8 53.3 15' 15 48.4 16 51.6 31 
22 50.0 22 50.0 44 
5 14.7 29 85.3 34 
1 100 1 2 100 2 
1 100 1 2 100 2 
3 100 3 
2 100 
2 100 2 
I 1 100 1 1 100 1 
T_o_ta_l ___ _._l 2_1-'--,4_9_4_.__I _42_._l--'-1 _29--'-,5_5 __ 5_._l _5_7._9__,l _  5_1,_,o_49__,_l _7_8_9"--I _6_2._3___,__4_7_7-'--1 _3 __ 7._7___.._1,_,2_6_6_,_l _5_2_4_,_I _6_0.1~481 39.9 I 872 
Species 
P. hirticula 
P. Pristis 
P. futilis 
P. fusca 
P. rugosa 
P. hornii 
P. in'l!ersa 
P. 'l!Bhemens 
P. implfoita 
P. ilicis 
P. marginalis 
P. micans 
P. congrua 
P. crenulata 
P. pru'Tllina 
P. drakii 
P. nitida 
P. fosteri 
P. balia 
P. fraterna 
P. 'l!ilifrons 
T-0tal 
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32,782 
10,501 
137 
990 
58 
2 
4 
5 
34 
3 
TABLE 7. Collection data by roumties 
(Brood A, 19St) 
Counties 
.... = 
"' = = .§ ::s 0 0 = .... 
"' 
I>.. >. 0 ol ~ ... .... = C) .... 
.£ ol ol 0 
"' 
OS 6 ~ A 1-:> rn ~ 
3,359 1,178 136 16 100 
9 110 
57 764 108 129 
69 51 26 
72 72 676 116 46 
537 8 
328 9 
145 80 
26 2 99 32 
36 14 36 
48 
46 
6 38 
3 
2 1 
2 
2 
1 
I 1 
r 44,516/ 4,595/ 1,266/ 1,0121 8801 518/ 325/ 
405 
Cl) 
::s 
O' 
::s 
"' 
"a 
.a ti: .... ::s 0 0 A >--< E-t 
52 37,623 
10,620 
1 1,196 
1 1,137 
9 2 1,051 
545 
339 
225 
163 
10 96 
53 
46 
44 
34 
3 
3 
3 
I 
2 
2 
1 
1 
71/ 4/ 53,187 
The latter were taken under rubbish, behind the plow, while digging for 
white grubs, and the ones remaining were sent to the college for determina-
tion. 
The numbers of individuals recorded in table 5 with the different host 
plants can not necessarily be considered significant in determining the food 
choice of the beetles, because more collections were made from some plants 
than others. 
The number of females exceeded that of the males in some of the 
species. This was true in the case of the following beetles taken from host 
plants: P. hirlicul.a, P. fusca, P. ru.gosa, P. implicita, and P. crenulata, 
while this was true only for P. implicita in the miscellaneous collections. 
The percentages of the total males and females taken from food plants and 
miscellaneous collections did not vary appreciably (table 6). 
Although collections were made in only nine of the ninety-nine coun-
ties, they give a fair sample of the Phyllophaga occurring in the state, with 
the exception of the northwest corner (table 7). 
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BACTERIA FERMENTING XYLAN1 
RoGER p ATRICK and c. H. WERKMAN 
From the Bacteriology Section, Iowa Ag·rioulti~ra~ Experiment Station 
Accepted for publication Janury 23, 1933 
Xylan is an important constituent of many of the so-called agricultural 
wastes which constitute a problem of economic utilization. It occurs abun-
dantly in straws, cotton seed, and oat hulls, and makes up approximately 
one-third of the dried cornstalk. The development of a fermentation 
process for the commercial utilization of xylan would prove of great value 
to agriculture as well as to industry. With this purpose in mind, the 
present investigation is concerned with a systematic study of bacteria at-
tacking purified xylan. 
HISTORICAL 
The literature dealing with the bacterial fermentation of pentosans is 
meager and generally has to do with the decomposition of plant tissue. No 
reference has come to the attention of the authors in which the action of 
known bacteria on purified xylan has been studied. 
Swartz (1909) found that pentosans, mannans, and levulans were grad-
ually decomposed by the aerobic bacteria of the alimentary tract, by soil 
organisms and by certain putrefactive forms. This decomposition took 
place with the formation of reducing substances. 
Peterson, Fred and Verhulst ( 1921) in a study of corn silage fermenta-
tion, found that from 15 to 20 per cent of the pentosans disappeared. Ver-
hulst, Peterson and Fred (1923) employed Bacillus flavigena (Oelluumwruzs 
flavigena) and Bacillus coli wmmunis (Escherichia coli) in a medium of 
corn stover and yeast water to determine the distribution of pentosans in 
the corn plant. They concluded that Bacillus flavigena produced greater 
destruction of pentosan than did either Bacillus coli wmmunis or an un-
named chromogenic form which had been isolated from green corn. 
Gray and Chalmers (1924) found that Microspira agarliq_uefaciens di-
gested cellulose much more rapidly in the presence of straw gum (pen-
tosans), xylose, and arabinose. 
Bottini ( 1925) concluded that the decomposition of pentosans in horse 
manure by microorganisms began early and that after eight months 16 per 
cent of the pentosans remained. 
Patrick, Werkman and Hixon (1930) described the production of a 
pentose, probably xylose, from purified xylan by an actinomyces which did 
not attack xylose. 
EXPERIMENTAL RESULTS 
Cornstalks were ground to the fineness of sawdust and added to a 5 
per cent solution of NaOH for twenty-four hours in order to dissolve the 
1 Journal Paper No. B99 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 65. 
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xylan. The pulp was separated from the liquid by means of a tincture-
press. It was found by experience that one volue of alcohol added to one 
and one-half volumes of the xylan solution precipitated the maximum 
amount of xylan with a small percentage of lignin. The precipitate was 
filtered from the suspension, placed in a 5 per cent NaOH solution, and al-
lowed to stand for several hours to remove by sendimentation any insoluble 
matter. The liquid was then filtered and alcohol added as before, to pre-
cipitate the xylan. This process was repeated several times. The residue 
was then made acid to litmus paper, alcohol was added to the gum to re-
move the water, and the suspension filtered. Ether was added to remove 
the alcohol ; the excess ether was filtered off and the residue evaporated to 
dryness. Since the xylan was stirred often, it dried to a fine yellowish-
brown powder. For the preparation of the xylan in part, the authors are 
indebted to Dr. R. M. Hixon of the Department of Chemistry. 
Xylan was determined quantiatively according to "Official and Tenta-
tive Methods of Analysis of the Association of Official Agricultural Chem-
ists" (1925). 
Analysis of the purified xylan was as follows: 
Xylan 87.1 per cent 
A.sh 1.5 " " 
Lignin 3.2 '' '' 
Water 8.4 '' '' 
100 " " 
A. basal medium of xylan and ammonium chloride was prepared as fol-
lows: 
Xylan 
NH4Cl 
K 2HPO, 
Water 
Adjusted to pH 
2.5 gm. 
2.0 " 
1.0 '' 
1000.0 cc. 
7.0 and an indicator added. 
The present work was limited to the use of a xylan-ammonium chloride 
agar medium for isolation of the organisms in the endeavor to insure utiliza-
tion of xylan by the organisms as a source of carbon for energy. 
There is no method known by which xylan can be prepared entirely 
free from lignin. Since media prepared with purified lignin have failed 
to show growth with a large number of organisms within a reasonable 
period of incubation, it is believed that the small percentage of lignin 
present did not influence the results materially. 
Isolations were made and replated on the xylan medium solidified by 
addition of 1.5 per cent agar and only those organisms which produced 
acid or acid and gas were retained for study. 
Production of acetoin was determined according to the method out-
lined by Werkman (1930) as well as by the 'standard' procedure. In 
most instances the former method gave a more rapid positive test and a 
more intense color than was present in the tubes with no added Fe Cl8 so-
lution. 
Fermentation of aesculin is difficult to detect unless gas is produced 
and for this reason was confirmed by adding a few drops of a one per cent 
solution of ferric chloride to the fermented medium, when a red to brown 
coloration developed. Uninoculated tubes gave no change of color. 
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The production of hydrogen sulphide was determined in a medium 
prepared as follows: proteose-peptone, 20 grams; di potassium phosphate, 
0.3 grams; cysteine, 1.0 gram; ferrous chloride 1.0 gram; dextrose, 1 gram; 
agar, 5.0 grams; distilled water, 1 liter. The reaction should be between 
pH 6.8 and 7.4. The iron salt is sterilized separately or with the dextrose 
and added to the basal medium under aseptic conditions and the finished 
medium tubed in sterile test tubes. Ferrous salts are employed due to the 
somewhat greater solubility of the hydroxide and the instability of ferric 
sulphide. Organic iron salts may be used. The organic salts assist in col-
loidal dispersion of the iron salt and do not undergo as marked hydrolysis 
as do the inorganic salts. We have used the tartrate, acetate, citrate and 
lactate. These may be used in amounts equivalent in iron. Inoculate by 
means of a needle both on the surface and into the medium. The coloration 
is black and usually develops within twelve hours. 
Morphological descriptions were made from young, stained cultures 
(18 hours) from glucose phosphate agar. 
More than 250 isolations were made from soils, decaying wood, silage, 
and vegetables. 
DESCRIPTIONS OF SPECIES 
Species of tke genus Bacillus fermenting xy"lan 
A key to the species of the genus Bacillus fermenting xylan has been 
constructed. 
KEY TO SPECIES 
A. Gelatin liquefied. 
B. Acid in litmus milk. No curd. No peptonization. 
0. Acid from inulin (No. 9). 
-Bacillus lignorum 
20. No acid from inulin (No. 11). 
-Bacillus picrogenes 
2B. Acid and curd with no peptonization in litmus milk. 
0. Nitrates reduced to nitrites. 
D. Acid from inulin (No. 2). 
2D. No acid from inulin (No. 5). 
20. Nitrates not reduced (No. 10). 
2A. Gelatin not liquefied. 
-Baci1lus flexus 
-Bacillus lignivorans 
Baci1lus melonis 
B. Acid from litmus milk. No curd. No peptonization. 
0. Nitrates reduced. 
D. Acid from xylose and galactose (No. 1). 
-Bacillus kvutus 
2D. No acid from xylose and galactose (No. 6). 
-Bacillus xylophagus 
20. Nitrates not reduced. 
D. No acid from lactose (No. 4). 
-Bacillus acidif aciens 
2D. Acid from lactose (No. 7). 
-Bacillus glutinis 
2B. No change in litmus milk. 
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C. Acid from levulose and melezitose (No. 13). 
-Bacillus concoctans 
2C. No acid from levulose or melezitose (No. 3). 
-Bacillus xylanicus 
Bacillus lignorum sp. nov. 
Culture 9; source, rotted apple wood. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar cul-
ture, 30° c. Rods, single or in pairs, 0.6-0.8 µ by 1.3-2.2 µ, ends rounded, 
spores present, centrally located, slightly larger than vegetative cell, motile 
(peritrichous flagella), Gram-positive and no iodophilic granules. Cap-
sules absent in twenty-four hour litmus milk culture. 
Cultural Characteristics. Agar streak: growth scanty, beaded, flat, 
dull, smooth, opaque, grayish-white, viscid, odor absent. Medium: un-
changed after 3 days at 30° c. 
Plain broth: no surface growth, slight cloudiness, no odor, no ap-
preciable amount of sediment after 12 days at 30° C. 
Litmus milk: acid after 10 days, reduction of litmus began on the 
fourth day. No coagulation and no peptonization within 10 days at 30° C. 
Gelatin: growth best at top. Line of puncture, filiform, liquefaction 
saccate, beginning on seventh day. Medium uncolored after 30 days at 
20· c. 
Potato slant : growth, yellowish brown, shining, moderate. Medium. 
darkened after 21 days at 30° c. . 
Biochemioal Characters. Indol not formed. Acetyl-methyl-carbinol 
not formed from glucose. Nitrates reduced. Utilized ammonium chloride 
as source of nitrogen. Methyl red reaction negative. H2S not produced. 
Gelatin liquefied. Diastase doubtful. 
Fermentation Reactions. Acid and no gas from aesculin, amygdalin, 
arabinose, dextrin, galactose, glucose, inulin, maltose, melezitose, raffinose, 
salicin, starch, sucrose, trehalose, xylan and xylose. The fermentation of 
xylan was not vigorous. 
No acid or gas from arabitol, dulcitol, erythritol, glycogen, inositol, 
lactose, levulose, pectin, rhamnose and sorbitol. 
Bacillus picrogenes sp. nov. 
Culture 11 ; source, decayed watermelon. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar cul-
ture, 30° C. Rods, single or in chains, 0.6-0.8 µ by 2.2-2.6 µ, ends rounded, 
central spores, motile (peritrichous flagella), Gram-positive, no iodophilic 
granules. Capsules absent in twenty-four hour litmus milk cultures. 
Cultural Characteristics. Agar streak: growth scanty, beaded, raised, 
glistening smooth, translucent, gray, butyrous, odor absent. Medium: un-
changed after 3 days at 30° c. 
Plain broth: no surface growth, no appreciable amount of cloudiness 
or sediment after 12 days at 30° c. 
Litmus milk: acid, reduction of litmus began on second day, com-
pleted in 10 days. No coagulation and no peptonization after 10 days at 
ao· c. · 
Gelatin: growth best at the top ; line of puncture filiform; liquefac-
tion napiform; began about fourth day. Medium uncolored after 30 days 
at 20° C. 
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Potato slant: growth dry, grayish tan, thick, wrinkled and dull after 
21 days at 30° C. 
Biochemioal C"fwracters. Indol not formed. Acetyl-methyl-crbinol not 
produced from glucose. Nitrates not reduced. Utilized ammonium chloride 
as a source of nitrogen. Methyl red reaction negative. H 2S not produced. 
Gelatin liquefied. Diastase not produced. 
Ferrnevntation Reactions. Acid and no gas from amygdalin, arabinose, 
dextrin, glucose, glycogen, lactose, levulose, melezitose, raffinose, salicin, 
starch, sucrose, trehalose, xylan and xylose. 
No acid or gas from aesculin, arabitol, dulcitol, erythritol, galactose, 
inositol, inulin, maltose, pectin and rhamnose. 
Bacillus flexus Batchelor 1919 
Culture 2; source, decayed apple wood. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar cul-
ture, 30° C. Rods, single or in pairs, 0.7-1.0 µby 2.1-3.8 µ, ends rounded, 
endospores present, sluggishly motile with peritrichous flagella, Gram-
positive, iodophilic granules absent. Capsules absent in twenty-four hour 
litmus milk. ' · 
Cultural Characteristics. Agar streak: growth scanty, spreading, flat, 
glistening, smooth, translucent, grayish-white, viscid, odor absent. Medium: 
unchanged after 3 days at 30° C. 
Plain broth: no surface growth, slight cloudiness, no odor, and no 
appreciable amount of sediment after 12 days at 30° C. 
Gelatin: growth best at top. Line of puncture filiform. Liquefaction 
napiform, began after 4 days at 20° C. Culture was observed for 30 days. 
Litmus milk : acid, coagulated. 
Potato slant : growth, light yellow, thin. Medium: unchanged after 
15 days at 30° C. 
Biochemical Characters. Indol not formed. Acetyl-methyl-carbinol not 
produced from glucose. Nitrates reduced after 7 days. Utilized ammonium 
chloride as source of nitrogen. Methyl red reaction negative. H 2S pro-
duced. Gelatin liquefied. Diastase produced. 
Fermentation Reactions. Acid but no gas from aesculin, amygdalin, 
arabinose, dextrin, galactose, glucose, glycogen, inulin, lactose, levulose, 
maltose, melezitose, raffinose, salicin, starch, sucrose, trehalose and xylan. 
No acid or gas from arabitol, dulcitol, erythritol, inositol, pectin, rham-
nose, sorbitol and xylose. 
Bacillus melonis sp. nov. 
Culture 5 ; source, decayed watermelon. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar cul-
ture, 30° C. Rods, single or in pairs, 0.7-0.9 µby 2.7-3.2 µ, ends rounded, 
endospores present, subterminal, same size to slightly larger than diameter 
of vegetative cell, motile by means of peritrichous flagella, Gram-positive, 
no iodophilic granules. Capsules absent in twenty-four hour milk cultures. 
Cultura.l Characteristics. Agar streak: growth moderate, filiform, 
flat, glistening, smooth, translucent, gray, odor absent. Medium slightly 
green after 3 days at 30° C. 
Plain broth : no surface growth. Moderate cloudiness. Sediment 
flocculent and scanty after 12 days at 30° C. 
Litmus milk: acid and coagulated after 7 days. Litmus reduced at 
the end of 10 days at 30° C. 
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Gelatin stab: growth best at surface, line of puncture filiform. Lique-
faction napiform, began after 4 days. Medium: unchanged after 30 days 
at 20° C. 
Potato slant: growth scant and glistening. 
Bioch£mical Characters. Indol not formed. Acetyl-methyl-carbinol not 
produced from glucose. Nitrates not reduced. Utilized ammonium chloride 
as source of nitrogen. Methyl red reaction negative. H 2S produced slight-
ly. Gelatin liquefied. Diastase produced. 
Fermentation Reactions. Acid but no gas from arabinose, cellobiose, 
dextrin, glucose, lactose, levulose, maltose, melezitose, salicin, starch, 
sucrose, xylan and xylose. 
Neither acid nor gas from aesculin, amygdalin, arabitol, dulcitol, ery-
thritol, galactose, inulin, inositol, pectin, raffinose, rhamnose, sorbitol and 
trehalose. 
Bacillus lignivorans sp. nov. 
Culture 10; source, decayed maple wood. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar cul-
ture, 30° C. Rods, single or in pairs, 0.8-1.0 µby 1.8-2.4 µ, ends roundsd, 
endospores present, centrally located, slightly larger than vegetative cell, 
motile by means of peritrichous flagella, Gram-positive (young cultures), 
no iodophilic .granules. Capsules absent in twenty-four hour culture of 
litmus milk. 
Cultw·al Characteristics. Agar streak: growth moderate, spreading, 
glistening, smooth, translucent, yellowish, butyrous, medium unchanged. 
Odor absent after 3 days at 30° C. 
Plain broth: pellicle on surface, slight cloudiness, odor absent. No 
appreciable amount of sediment after 12 days at 30° C. 
Litmus milk: acid after 4 days, coagulated after 7 days, litmus was 
reduced after 10 days at 30° C. 
Gelatin stab : best growth on surface. Line of puncture winged. 
Liquefaction napiform, began after 7 days. Medium: Color unchanged 
after 30 days at 20° C. 
Potato slant: abundant brownish-yellow, lustrous growth. Medium 
browned after 21 days at 30° C. 
Biochemical Characters. Indol not formed. Acetyl-methyl-carbinol not 
produced from glucose. Nitrates reduced. Utilized ammonium chloride as 
source of nitrogen. Methyl red reaction was negative. H 2S produced. 
Gelatin liquefied. Diastase produced. 
Fermentation Reactions. Acid but no gas from amygdalin, arabinose, 
dextrin, galactose, glucose, glycogen, lactose, levulose, maltose, pectin, raffi-
nose, salicin, starch, sucrose, trehalose, xylan and xylose. 
No acid or gas from aesculin, arabitol, dulcitol, erythritol, inositol, 
inulin, melezitose, rhamnose and sorbitol. 
Bacillus lautus Batchelor, 1919 
Culture 1 ; source, decayed apple wood. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar cul-
ture 30° C. Rods, single or in chains, 0.7-0.8 µby 4.0-4.5 µ, ends rounded 
and slightly pointed, endospores present, motile by peritrichous flagella, 
Gram-positive, no iodophilic granules. Capsules absent in litmus milk 
culture. 
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Cultural Characteristics. Agar streak: growth, scanty, spreading, flat, 
glistening, smooth, translucent, yellowish-gray, and butyrous. Odor absent. 
Medium unchanged after 3 days at 30° C. 
Plain broth: no surface growth, moderate cloudiness, no odor, sedi-
ment flocculent and scanty after 12 days at 20° C. 
Litmus milk: acid after 10 days at 30° C. No coagulation or pepton-
ization. 
Gelatin stab: growth best at top. Line of puncture filiform. No 
liquefaction. Medium: color unchanged after 30 days at 20° C. 
Potato slant: growth yellowish-white, smooth, and lustrous. Medium: 
color unchanged after 21 days at 30° C. 
Biochemical Characters. Indol not formed. Acetyl-methyl-carbinol 
not produced from glucose. Utlized ammonium chloride as source of nitro-
gen. Methyl red reaction was negative. H 2S not produced. Gelatin not 
liquefied. Diastase slightly produced. 
Fermentation Reactions. Acid, but no gas from amygdalin, arabinose, 
cellobiose, dextrin, galactose, glucose, inulin, lactose, maltose, raffinose, 
salicin, starch, sucrose, trehalose, xylan and xylose. 
Neither acid nor gas was formed from aesculin, arabitol, dulcitol, ery-
thritol, inositol, levulose, melezitose, rhamnose, and sorbitol. 
Batchelor (1919) found that Bacillus lautus grown in litmus milk, 
produced acid with a rapid reduction of the litmus. After 10 days, culture 
number 1 showed only an acid reaction. Batchelor made no mention of 
the time the milk culture was allowed to incubate. 
Bacillus acidifacien.s sp. nov. 
Culture 4; source, decayed maple wood. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar cul-
ture, 30° C. Rods, single or in pairs, 0.5-0.8 µ by 2.5-4.8 µ, ends rounded, 
endospores present, centrally located, much larger than vegetative cell giv-
ing clostridial shape, motile by peritrichous flagella, Gram-positive, no 
iodophilic granules. Capsules absent in litmus milk culture. 
Cultural Characteristics. Agar streak: growth scanty, beaded, raised, 
glistening, smooth, translucent, gray and butyrous, odor absent, color of 
medium unchanged after 3 days at 30° C. 
Plain broth : no surface growth, moderate cloudiness, odor absent. 
No appreciable sediment after 12 days at 30° C. 
Litmus milk: slight acid after 7 days. Litmus reduced after 10 days. 
No coagulation or peptonization after 10 days at 30° C. 
Gelatin stab: growth best at top, line of puncture filiform, no lique-
faction, no change in medium after 30 days at 20° C. 
Potato slant: growth scant, yellowish-brown and lustrous. Medium 
unchanged in appearance after 21 days at 30° C. 
Biochemical Characters. Indol not produced. Acetyl-methyl-carbinol 
not produced from glucose. Nitrates not reduced. Utilized ammonium 
chloride as source of nitrogen. Methyl red reaction negative. H 2S was 
not produced. Gelatin not liquefied. Diastase produced. 
Fermentation Reactions. Acid but no gas produced from arabinose, 
cellobiose, dextrin, glucose, inulin, levulose, maltose, salicin, starch, sucrose, 
trehalose, xylan (weak) and xylose. 
No acid or gas from aesculin, amygdalin, dulcitol, arabitol, erythritol, 
414 ROGER PATRICK AND C.H. WERKMAN 
galactose, inositol, lactose, melezitose, pectin, raffinose, rhamnose and 
sorbitol. 
Bacillus xyl<>phagus sp. nov. 
Culture 6; source, decayed apple wood. 
Morphology. 'Twenty-four hour glucose-phosphate-peptone agar cul-
ture, 30° C. Rods, single or in pairs, 0.6-0.9 µby 2.3-3.4 µ, ends rounded, 
endospores present, centrally located, non-motile, Gram-positive (loses 
Gram-positive nature early), no iodophilic granules. 
Cultural Characteristics. Agar streak: growth scanty, beaded, spread-
ing, fl.at, glistening, smooth, translucent, yellowish- white and butyrous, 
odor absent. Medium unchanged after 3 days at 30° C. 
Plain broth: no surface growth, slight cloudiness, no odor, no ap-
preciable amount of sediment after 12 days at 30° C. 
Potato slant: no growth after 21 days at 30° C. 
Litmus milk: acid after 4 days. Coagulated after 10 days. No re-
duction of litmus. No peptonization after 10 days. Incubated at 30° C. 
Gelatin stab: growth best at the top, line of puncture filiform, no 
liquefaction, medium unchanged after 30 days at 20° C. 
Biochmnical Characters. Indol not formed. Acetyl-methyl-carbinol 
not produced from glucose. Nitrates not reduced. Utilized ammonium 
chloride as source of nitrogen. H 2S not produced. Gelatin not liquefied. 
Diastase produced. 
Fermentation Reactions. Acid but no gas from aesculin, amygdalin, 
dextrin, glucose, glycogen, inulin, lactose, levulose, maltose, melezitose, 
raffinose, salicin, starch, sucrose, trehalose and xylan (weak). 
No acid or gas from arabinose, arabitol, cellobiose, dulcitol, erythritol, 
galactose, inositol, pectin, rhamnose, sorbitol and xylose. 
Bacillus glutinis sp. Il'OV. 
Cultures 7 and 8; source, decayed apple wood. 
Synonomy. Possibly synonymous with B. f'U$US Batchelor 1919. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar, 30° 
C. Rods, single or in chains, 0.7-0.9 µ by 1.8-3.1 µ, ends rounded, endo-
spores located centrally to slightly off center, motile, Gram-positive, no 
granular appearance with iodine. Capsules absent in litmus milk cultures. 
Cultural Chara<:teristics. Agar streak: growth scanty, beaded, raised, 
glistening, smooth, translucent, gray, and viscid. Odor absent. Medium 
unchanged after 3 days at 30° C. · 
Plain broth: no surface growth, slight cloudiness, odor absent, no ap-
preciable amount of sediment after 12 days at 30° C. 
Litmus milk: acid after 2 days. Coagulated after 7 days. Reduction 
of litmus began after 4 days. No peptonization within 10 days at 30° C. 
Culture 8 showed peptonization. 
Gelatin stab: best growth at the surface, line of puncture winged, no 
liquefaction, no change in medium after 30 days at 20° C. 
Potato slant: growth moderate, smooth, and brown. Medium browned 
after 21 days at 30° C. 
Biochemical Characters. Indol not formed. Acetyl-methyl-carbinol 
not produced from glucose. Nitrates slightly reduced after 5 to 7 days to 
nitrites. Ammonium chloride utilized as a source of nitrogen. Methyl 
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red reaction negative. H 2S not produced. Gelatin not liquefied. Diastase 
produced. 
Fermentation Reactions. .Acid but no gas from aesculin, amygdalin, 
arabinose, cellobiose, dextrin, galactose, glucose, inulin, lactose, levulose, 
maltose, raffinose, salicin, starch, sucrose, trehalose, xylan and xylose. 
No acid or gas from arabitol, dulcitol, erythritol, inositol, melezitose, 
pectin, rhamnose and sorbitol. 
Bacillus xylanicus sp. nov. 
Culture 3; source, decayed apple wood. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar, 30° 
C. Rods, single or in pairs, 0.8-1.0 µby 2.0-3.5 µ,ends rounded, endospores 
present, caused swelling of vegetative cell, located centrally to slightly off 
center, give snow-shoe appearance to organism, Gram-positive. Capsules 
absent in litmus milk culture. 
Citltural ChMacteristics. Agar streak: growth scant, beaded, flat, 
dull, smooth, opaque, gray-white and viscid, odor absent. Medium browned 
after 3 days at 30° C. 
Plain broth: ring surface growth, slight cloudiness, no odor, and no 
appreciable amount of sediment after 12 days at 30° C. 
Litmus milk: milk unchanged after 10 days at 30° C. 
Gelatin stab: growth best at surface. Line of puncture filiform. No 
liquefaction. Medium unchanged after 30 days at 20° C. 
Potato slant: thin, cream colored, lustrous growth. Medium un-
changed after 21 days at 30° C. 
Biochemical Characters. Indol not formed. Acetyl-methyl-carbinol 
not produced from glucose. Nitrates slightly reduced on fifth and seventh 
days. Utilized ammonium chloride as a source of nitrogen. Methyl red 
reaction was negative. H 2S was not produced. Gelatin was not liquefied. 
Diastase production was doubtful. 
Fermentation Reactions. Acid but no gas was produced from aesculin, 
amygdalin, arabinose, cellobiose, dextrin, galactose, glucose, inulin, lactose, 
maltose, raffinose, salicin, starch, sucrose, trehalose, xylan or xylose. 
Neither acid nor gas from arabitol, dulcitol, erythritol, inositol, levu-
lose ( ? ) , melezitose, pectin, rhamnose or sorbitol. 
Bacillus concoctans sp. nov. 
Culture 13; source, soil. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar, 30° 
C. Rods, single or in chains, 0.8-1.0 µby 1.3-1.8 µ,ends rounded, endospores 
present, located centrally to slightly off center, do not markedly swell vege-
tative cell, motile by peritrichous flagella, Gram-positive with no iodophilic 
granules. Capsules absent in litmus milk culture. 
Cultural Cha1racteristics. Agar streak: growth scanty, spreading, 
flat, glistening, translucent, white and viscid. No odor. Medium unchanged 
after 3 days at 30° C. 
Plain broth: no surface growth, no cloudiness. Odor absent. Sedi-
ment ftocculent and abundant after 12 days at 30° C. 
Litmus milk: unchanged after 10 days at 30° C. 
Gelatin stab: growth scant at surface. Line of puncture filiform. 
No liquefaction. No change in medium after 30 days at 20° C. 
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Potato slant: growth wrinkled, dull and gray. Medium darkened 
after 21 days at 30° C. 
Biochemical Cha.racters. Indol not formed. Acetyl-methyl-carbinol 
not produced from glucose. Nitrates reduced after 7 days. Utilized am-
monium chloride as a source of nitrogen. Methyl red reaction was nega-
tive. H 2S was not produced. Gelatin was not liquefied. Diastase pro-
duced. 
Fermentation Reactions. Acid but no gas from aesculin, amygdalin, 
arabinose, dextrin, glucose, lactose, levulose, maltose, melezitose, raffinose, 
salicin, starch, sucrose, xylan (weak) and xylose. 
No acid or gas from arabitol, dulcitol, erythritol, galactose, inositol, 
pectin, rhamnose and sorbitol. 
Species of the genus Achromobacter 
Two organisms belonging to the genus Achromobacter were found to. 
dissimilate xylan with the production of acid. 
Achr<nnobacter arabinosaceU'ln sp. nov. 
Culture 16; source, soil. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar, 30° 
C. Short rods, 0.6-0.8 µby 1.1-1.5 µ, ends rounded, endospores none, non-
motile, Gram-negative, iodophilic granules present. Capsules not observed in 
litmus milk although slime was produced in less than 24 hours. 
C1iltural Characteristics. Agar streak: growth moderate, filiform, 
raised, glistening, smooth, translucent, yellow-gray, butyrous, odor absent. 
Medium unchanged after 3 days at 30° C. 
. Plain broth: no surface growth, moderate cloudiness, no odor, no ap-
preciable amount of sediment after 12 days at 30° C. 
Litmus milk: acid after 4 days. Coagulated after 7 days. 
Litmus reduced before 10 days at 30° C. 
Gelatin stab: best growth at the surface. Line of puncture filiform. 
Liquefaction crateriform beginning within 4 days. Medium uncolored af-
ter 10 days at 20° C. 
Potato slant: ·growth yellow-brown, lustrous and elevated. Medium 
darkened after 21 days at 30° C. 
Biochemical Characters. Indol not formed. Acetyl-methyl-carbinol 
not produced from glucose. Nitrates not reduced. Utilized ammonium 
chloride as source of nitrogen. Methyl red reaction was positive. H2S pro-
duced. Gelatin liquefied. Diastase produced. 
Fermentation Reactions. Acid but no gas from amygdalin, arabinose, 
dextrin, glucose, glycogen, inulin, lactose, salicin, starch, sucrose, xylan and 
xylose. 
No acid or gas from aesculin, dulcitol, erythritol, galactose, glycogen, 
inositol, levulose, maltose, melezitose, pectin, raffinose, rhamnose, sorbitol 
and trehalose. 
Achromobacter dianthi sp. nov. 
Culture 24; source, decayed watermelon. 
Morphology. Twenty-four hour glucose-phosphate-peptone agar, 30° 
C. Rods, single or in chains, 0.8-1.0 µby 1.9-4.0 µ,ends rounded, endospores 
absent, motile by peritrichous flagella, Gram-positive, no iodophilic gran-
ules. Capsules present in 24 hour milk culture. 
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Cultural Characteristics. Agar streak: growth moderate, filiform 
effuse, glistening, smooth, opaque, flesh pink and viscid. Odor absent. 
Medium unchanged after 3 days at 30° C. 
Plain broth: thin, easily-broken pellicle, slight cloudiness, sediment 
compact and scanty, odor absent after 12 days at 30° C. 
Litmus milk: acid after 7 days. Reduction of litmus began after 2 
days and was complete after 10 days. No peptonization within 10 days at 
30° c. 
Gelatin stab: growth best at surface. Line of puncture, filiform. 
Liquefaction began after 4 days, napiform. Medium not colored within 30 
days at 20° C. 
Potato slant: growth abundant, elevated, brownish- yellow, and rough. 
Medium browned within 21 days at 30° C. 
Biochemical Characters. Indol not formed. Acetyl-methyl-carbinol 
not produced from glucose. Nitrates reduced. Utilized ammonium chloride 
as source of nitrogen. Methyl red reaction was negative. H 2S was pro-
duced. Gelatin was liquefied. Diastase was produced. 
Fermentation Reactions. Acid but no gas from amygdalin, arabinose, 
dextrin, glucose, lactose, levulose, maltose, melezitose, raffinose, salicin, 
starch, sucrose, trehalose, xylan and xylose. 
Neither acid nor gas from aesculin, arabitol, dulcitol, erythritol, galac-
tose, glycogen, inositol, inulin, pectin, rhamnose and sorbitol. 
SUMMARY AND CONCLUSIONS 
Bacteria capable of fermenting xylan, are widely distributed in nature. 
Xylan is relatively resistant to bacterial attack when compared with the 
simple carbohydrates. Of the cultures found to attack the pentosan with 
the production of acid, not one produced gas as indicated by the ordinary 
fermentation tube method. The quantity of acid produced was never 
great. 
Several new species of bacteria have been described, nine in the genus 
Bacillus and two in the genus Achromobacter. 'These studies are being 
continued with the anaerobic organisms and on products of fermentation 
of xylan. Difficulty in obtaining chemically pure xylan in addition to its 
relative resistance to bacterial attack, makes it unsuitable for use in sys-
tematic studies for purposes of differentiation. 
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INTRODUCTION 
Apparently it is not possible at the present stage of development to 
formulate any rigorous rules correlating chemical constitution with in-
secticidal action, and in agreement with such inadequate knowledge it is 
extremely difficult to predict with confidence the insecticidal action of new 
organic compounds. This condition is not peculiar to studies on insecticidal 
action, for the same difficulty is patent, in varying degrees, with the many 
comprehensive studies reported on the correlation of chemical constitution 
with physiological action. In short, we are still at the empirical stage, and 
a rather crude empirical stage in many respects, in correlating chemical 
constitution with physiological action on practically all types of living 
things. 
Despite the fact that furfural, the most important furan compound, 
was discovered one hundred years ago, it is only in recent years _that certain 
new furan types (particularly those having nuclear substituents) have be-
come available. Some of these compounds, selected at random from our 
studies on furan compounds, have been examined wit,h a view to determin-
ing their possible insecticidal value. The results of this preliminary study 
are now reported, and although a large number of the compounds investigat-
ed are of relatively little value, some appear to be highly effective and in-
dicate avenues of approach for the synthesis of compounds which it is 
hoped will prove of general value. In addition, of course, it is to be ex-
pected that as the field is explored more deeply some significant generaliza-
tions might ensue which will assist in formulating more exact correlations 
between chemical constitution and insecticidal action. 
The problem, as it involves furan compounds, has recently assumed 
a position of some importance as a consequence of the elegant studies by 
I1a Forge, Haller, Clark, Smith, Butcnandt, Robertson, Takei [See, Browne, 
Science, 76, 454 (1932)] and others on the constitution of rotenone. Rot-
enone has some characteristics of an ideal insecticide because of its high 
toxicity towards insects and its apparent harmlessness to animals. Rot-
enone is a nitrogen-free compound containing a furanic nucleus. It would 
be presumptuous to ascribe the valuable properties of rotenone to the 
furanic nucleus. Notwithstanding, it seems altogether reasonable to expect 
that there might emerge from a study of substituted furans or hydro-
genated furans, patterned after fragments of the rotenone molecule, in-
secticides of economic value. 
EXPERIMENTAL PART 
Insecticid,al A ction.- The preliminary studies on the insecticidal action 
of the compounds examined in this investigation were carried out in ac-
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cordance with the method of Peet and Grady.la About one hundred flies, 
raised under optimal conditions, and whose resistance to the spraying sol-
vent or medium was previously determined, were placed in the test-chamber. 
No flies were used in which the kerosene check showed over 5 per cent to 
be brought down, and more usually none came down in the initiatory ex-
periments. 
The test-chamber was a cubical room with a six-foot edge, provided 
with windows on two sides, well lighted and previously well aerated. Twelve 
cc. of the solution to be tested was sprayed uniformly in the top of the 
chamber, through five port-holes one foot from the ceiling, from a standard 
atomizer at twelve pounds pressure. Exactly ten minutes after spraying, 
the inactive flies on the floor were counted from the windows. Another 
count was made at the end of thirty minutes, at which time the chamber 
was opened and the inactive flies collected and placed in cages with food 
and water, and then observed at the end of twenty-four hours. 
Under these conditions a good pyrethrum spray will "down" or in-
activate all of the flies in less than ten minutes, and at the end of twenty-
four hours from 20 per cent to 30 per cent of those that were inactivated 
will have recovered. 
The results are given in Table 1. The saturated solutions mentioned 
there contained less than 2 per cent. The concentration given refers to 
grnms of compound per 100 cc. of solution: i.e., 2 per cent is equal to 2 g. 
per 100 cc. The solvent key is as follows: K = kerosene (" Rayolite," 
a water-white, refined kerosene); H = cyclohexanone; N = high flash 
naphtha; Z = cellosolve. The superscript numerals refer to composition 
of solvents by volume: that is, K60H40 means 60 cc. of kerosene + 40 cc. 
of cyclohexanone. 
The results given in Table 1 are the averages of three or more tests on 
each compound. 
CHEMICAL.--Monornethyl Ether of 2,4-Dihydroxybenzofuran (Com-
pound 3, table 1) .-This compound was prepared [incidental to the proof 
of structure of 2,4-dihydroxybenzoyl-furan1b] by two reactions: (1) from 
2,4-dihydroxybenzoyl-furan, sodium hydroxide and dimethyl sulfate; and 
(2) from 1,3-dimethoxybenzene, furoyl chloride and aluminum chloride. 
The melting point and mixed melting point range of the compounds is 
75-82° when crystallized from petroleum ether (b.p., 40-60°). The com-
pound (or mixture of compounds) is soluble in sodium hydroxide, and for 
the particular purposes in hand no effort was made to establish the position 
of the methoxyl group,-particularly because of the low insecticidal value. 
Furyl-1-pentene-1-one-3 (Compound 5), furyl-1-methyl-4-pentene-1-
one-3 (Compound 6), and furyl-1-methyl-2-pentene-1-one-3 (Compound 8) 
were prepared in accordance with the directions of Kasiwagi.2 His yields 
of the first two compounds were checked. No yield is given of the third 
compound of which we obtained 60 per cent. 
la Peet and Grady, J. Eoon. Ent., 21, 612 (1928). 
lb Gilman and Dickey, Rec. trav. chim., 52, 389 (1933). 
aKasiwagi, Bull. Chem. Soc. Japan, 1, 90 (1926) [C. A., 20, 3004 (1926)]. 
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The authors are grateful to George F. Wright for the 5-nitrofurfural3a 
, (Compound 1), 5-bromofurfural3b (Compound 2), 5-bromofurylacrylic acid 
(Compound 10), 5-bromofuryl-bromoacrylic acid30 (Compound 11), ethyl 
5-bromofuryl-dibromopropionate3d (Compound 29) and 5-bromofuryl 
methyl ketone3e (Compound 32). 
Tetrahydrofurfuryl acetate (Compound 12) and tetrahydrofurfuryl 
benzoate (Compound 14) were prepared after the method of Zanetti.' 
Tetrahydr<>furfuryl trimethylacetate (Compound 13) was prepared in 
a customary manner from trimethylacetyl chloride and tetrahydrofurfuryl 
alcohol. The yield of ester distilling at 137-138° /40.5 mm. was 79 per cent; 
sp.g. ~g , 0.9764. The compound has a pleasant odor. 
Anal. Calcd: C, 64.46; H. 9.75. Found: C, 64.36 and 64.12; H, 9.80 
and 9.53. 
The authors are grateful to E. A. Zoellner for the trimethylacetic acid. 
Phenyl furoates and 1 (Compound 15) and p-hydroxyphenyl furoate1 
(Compound 16) have been described. Our phenyl furoate melted at 42° 
and was analyzed for C and H and also hydrolyzed to give furoic acid. 
m-Cresyl furoate (Compound 17) was prepared in 90 per cent yield 
from equimolecular parts of m-cresol, furoyl chloride and sodium hydrox-
ide. It melts at 39.5° and distils at 155° /5 mm. Hydrolysis gave furoic 
acid. 
Anal. Calcd. for C12H100 3 : C, 71.28 and H, 4.95. Found: C, 70.95 
and 70.62; H, 4.96 and 4.90. 
Giiaiacol furoate (Compound 18) was prepared like m-cresyl furoate 
(starting with guaiacol) in an 82.5 per cent yield. It melts at 76° and dis-
tils at 175 ° /5 mm. The saponification equivalent was 225 ( calc. 218), and 
the furoic acid so obtained was identified by the method of mixed melting 
points. 
Anal. Calcd. for C12H 100 4 : C, 66.05; H, 4.59. Found: C, 65.92 and 
66.19; H, 4.74 and 4.78. 
p-Cresyl fur.oate (Compound 19), prepared like the preceding esters, 
melts at 55° and distils at 152° /5 mm. 
Anal. Calcd. for C12H 100 3 : C, 71.28; H, 4.95. Found: C, 70.83 and 
71.66 ; H, 4.95 and 4.82. 
Resorcinol difuroate (Compound 20) was prepared from 0.1 mole re-
sorcinol, 0.2 mole furoyl chloride and 0.2 mole of potassium hydroxide. 
Some of the same ester was obtained in attempts to prepare the half-ester 
by using but one equivalent of furoyl chloride. The melting point is 130°, 
a (a) Gilman and Wright, J. Am. Chem. Soc., 52, 4165 (1930); (b) Gilman and 
Wright, ibid., 52, 1170 (1!130); (c) Gibson and Kahnweiler, Am. Chem. J., 12, 314 
(1890); (d) Gilman and Wright, J. Am. Chem. Soc., 52, 3349 (1930); (e) Gilman, 
Hewlett and Wright, ibid., 53, 4192 (1931). 
• ·Zanetti, J. Am. Chem. Soc. 50, 1821 (1928). 
~ 
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TABLE 1. Insecticidal action of some furan compounds ~ 
><j 
Downs 0 
..... 
t:" 
No. Compound Solvent Cone. IO min. 30 min. 24 hours is: 
.... 
1. 5-Nitrofurfural, 5-N02C4H 20CHO KsoN4o Sat'd 2 13 ~z 
2. 5-Bromofurfural, 5-BrC4H 20CHO K Sat'd 9 41 26 r' 
3. Monomethyl Ether of 2, 4--Dihydr-0xybenzofuran, 9 
C6H 3 (OH) (OCH3 )COC4H 30 K Sat'd 8 37 :11 l:rj 
4. Furfuralacetophenone, C 4H 3 OCH= CHCOC 6H 5 K 2% 37 79 60 8 5. Furyl-1-pentene-1-one-3, C4H 30CH=CHCOC2H 5 K 2% 11 32 ~ 6. Furyl-1-methyl-4-pentene-1-one-3, C4H 30CH=CHCOCH(CH3 ) 2 K 2% 20 35 ~>-3 
7. 2, 4--Dihydroxy-benzofuran, C 6H 3 (OH) 2 COC 4H 30 K 1% 3 15 ?--
8. Furyl-1-methyl-2-pentenone-3, C 4H 3 OCH= C(CH3 )COC2H 5 K 2% 5 23 '.'cl 
9. Benzoyl Furan, C6H 5COC4H 30 KsoN20 4% 60 85 58 :11 
10. 5-Bromofurylacrylic Acid, BrC 4H 20CH= CHOO 2H KsoH4o 2% 38 76 42 ~ 11. 5-Bromofuryl-bromoacrylic Acid, BrC 4H 2 OCH= CBrCO 2H KsoH20 2% 3 22 15 E:; 
12. Tetrahydrofurfuryl Acetate, C4H 70CH20COCH3 K 2% 6 8 >-3 >-3 13. Tetrahydrofurfuryl Trimethylacetate, C 4H 70CH2 OCO(CH3 ) 3 K 2% 7 23 13 > 
14. Tetrahydrofurfuryl Benzoate, C4H 70C02C6H 5 K 2% 5 21 z t:i 
15. Phenyl Furoate, C4H 30C02C6H 5 KB0N10 2% 42 57 28 ;.... 
16. p-Hydroxyphenyl Furoate, C4H 30C02C6H 40H KsoN4o Sat'd 4 23 !:ii 
17. m-Cresyl Furoate, C 4 H 3 OCO 2 C 6H 4 CH3 K 2% 12 31 s 
8 
><j 
..... 
Table 1, continued z 00 
18. Guaiaool Furoate, C4H 30C02C6H 40CH3 KBOH20 2% 15 52 17 
M 
0 
>'l 
19. p-Cresyl Furoate, C4H 30C02C6H 4CH3 KSON20 2% 61 81 61 ..... 0 
..... 20. Resorcinol Difuroate, [C4H 30C02] 2C6H4 KsoN•o Sat'd 10 31 ti > 21. Hydroquinone Difuroate, [C4H 30C02 ] 2C6H 4 KsON40 Sat'd 2 19 t" 
22. Phenyl Furylaerylate, C4H 30CH=CHC02C6H 5 K 2% 62 82 37 > 0 
23. Guaiacol Furylacrylate, C4H 30CH=CHC02C6H 40CH3 KsoN•o 2% 6 39 >'l ..... 
24. p-Cresyl Furylaerylate, C4H 30CH=CHC02C6H 4CH3 K 2% 48 59 48 0 z 
25. m-Cresyl Furylaerylate, C4 H 30CH=CHC02C6H,CH3 K Sat'd 12 41 20 0 
26. p-Hydroxyphenyl Furylacrylate, C4H 30CH=CHC02C6HpH KsoN•o Sat'd 1 5 '-'J 00 21. Resorcinol Difurylacrylate, [ C 4H 3 OCH= CHCO 2 ) 2 C 6H, KsoH•o 2% 3 11 0 i:i:: 28. Hydroquinone Dieinnamate, [C 6H 5 CH= CHCO 2 ) 2 C 6H 4 KsoN•o Sat'd 1 24 1 M 
29. Ethyl Bromofuryl-dibromopropionate, BrC 4H 20CHBrCHBrCO 2 C2H 5 KsoN•o Sat'd 0 16 '-'J c: 30. Trifurfurylamine, [C4 H 30CH2 ] 3N K Sat'd 9 35 14 :;o > 31. Ethyl Phenylsulfinate, C6H 5S02C2H 5 K 2% 6 30 z 
32. 5-Bromofuryl Methyl Ketone, BrC4H 20COCH3 z 2% 3 12 0 0 
i:i:: 
"1l 
0 
c: 
z 
ti 
00 
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and that previously reported5 is 128-129°. The saponification equivalent 
(147) shows the compound to be a di-ester. 
Anal. Calcd. for C16H 100 6 : C, 64.43; H, 3.35. Found: C, 64.10, H, 
3.19. 
Hydroquinone difuroate (Compound 21). The ester was obtained in 
a 27 per cent yield by heating a mixture of 0.2 mole furoyl chloride, and 
0.1 mole hydroquinone just below the boiling point of furoyl chloride 
(176°) until the mass solidified. After extraction with benzene and then 
with alcohol the compound was crystallized from acetone and was found 
to melt at 200°. The saponification equivalent was 150 (calcd. 149) and 
the products of hydrolysis were identified by mixed melting points. 
Anal. Calcd. for C16H 100 6 : C, 64.43; H, 3.35. Found: C, 64.59; H, 
3.81. 
Phenyl furylacrylate (Compound 22) was prepared in two ways: ( 1) 
from furylacryloyl chloride, phenol and sodium hydroxide and (2) by 
heating furylacryloyl chloride with phenol in benzene. The latter method 
gave a yield of 84 per cent and is recommended. The e.ster distils at 
185°/4 mm. 
Anal. Calcd. for C13H 100 3 : C, 72.88; H, 4.67. Found: C, 72.36 and 
72.78; H, 5.02 and 4.87. 
Guaiacol furylacrylate (Compound 23) was prepared after the two 
methods described for the preceding ester, and again the latter method is 
recommended. The yield of ester distilling at 210° /6 mm. and melting at 
105° was 70 per cent. 
Anal. Calcd. for C14H 120 4 : C, 68.85; H, 4.92. Found: C, 69.23 and 
68.29; H, 4.70 and 5.12. 
p-Cresyl furylacrylate (Compound 24) was prepared by refluxing 0.1 
mole of furylacryloyl chloride and 0.1 mole of p-cresol in 200 cc. of benzene 
for two hours. The yield of ester melting at 75° and distilling at 195° /6 
mm. was 71 per cent. The saponification equivalent was 213 (calcd. 212). 
Anal. Ca.led. for C14H 120 2 : C, 73.68; H, 5.26. Found, C, 72.88 and 
73.56; H, 5.31 and 5.51. 
m-Cre8'1Jl furylacrylate (Compound 25) was prepared after the method 
described for the preceding ester. It distils at 185 ° /5 mm; d!4 , 1.0728; 
n ; 4 , 1.5980. 
Anal. Calcd. for C14H 220 3 : C, 73.68; H, 5.26. Found: C, 73.96 and 
74.00; H, 5.45 and 5.39. 
p-Hydroxyphenyl furylacrylate (Compound 26) was obtained in a 
30 per cent yield by refluxing furylacryloyl chloride and hydroquinone in 
benzene. It melts at 173°. The same compound was obtained by using 
one or two equivalents of the acid chloride. 
Anal. Calcd. for C13H 100 4 : C, 67.83; H, 4.35. Found: C, 67.50 and 
68.32; H, 4.34 and 4.19. 
s Bawn, Ber. 37, 2931 (1904). 
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Resorcinol difurylacrylate (Compound 27) was prepared from the 
acid chloride and resorcinol. It melts at 112°. 
Anal. Calcd. for C20H140 6 : C, 68.57; H. 4.00. Found: C, 69.23 and 
69.02; H, 4.25 and 4.23. 
Hydroquinone dicinnamate (Compound 28) melts at 189° which is in 
agreement with that previously given by Einhorn.6 Trifurfurylamine7 
(Compound 30) and ethyl phenylsulfinate8 (Compound 31) have been 
described. 
The following esters, some of which are closely related to those just 
described, were prepared incidental to another study on the antiseptic 
action of furan compounds as well as their action as fumigants. The re-
sults of these tests will be reported later. 
Catechol difuroate, o-(C4H 30C00) 2C6H 4 , was prepared by heating at 
100° a mixture of 0.2 mole of furoyl chloride and 0.1 mole of catechol. The 
compound melts at 116° when crystallized from benzene and then from 
alcohol. 
Anal. Calcd. for C16H100 6 : C, 64.43; H, 3.35. Found: C, 64.73; H, 
3.81. 
1n-llydroxyphenyl fury"lacry"late, C4H 30CH=CHCOOC6H 40H ( m), 
was prepared by refluxing 0.1 mole of furylacryloyl chloride and 0.1 mole 
of resorcinol in 200 cc. of benzene until evolution of hydrogen chloride 
ceased. The ester melts at 128° when recrystallized from benzene. 
A:ru.zl. Calcd. for C13H100 4 : C, 67.83; H, 4.35. Found: C, 67.83 and 
67.94; H, 4.50 and 4.78. 
As mentioned previously under resorcinol di-furylacrylate the full 
ester (m.p., 112°) is obtained by heating resorcinol with two equivalents 
of acid chloride. A mixture of the half-ester with the full-ester melted at 
95°. 
o-H ydroxyphenyl furylacry1ate, C4H 30CH=CHCOOC6H 40H ( o), was 
prepared in accordance with the method described for the preceding ester. 
The compound melts at 132°. 
Anal. Calcd. for C13H100 4 : C, 67.83; H, 4.35. Found: C, 67.64 and 
67.76; H, 4.72 and 4.74. 
It is interesting to note that in an orienting experiment on the prep-
aration of furfuryl oxalate by the Darzen's method (the addition of 0.2 
mole of furfuryl alcohol in 50 cc. chloroform to 0.2 mole of the pyridine-
oxalyl chloride complex in 200 cc. of dry chloroform) the dark oil obtained 
subsequent to a thorough washing with water and dil. acetic acid under-
went violent and sudden decomposition in an attempted distillation at 4 mm. 
pressure. There is a possibility that some of the product might have been 
furfuryl chloride. 
G Einhorn, Buletimtul de ChWltie, 17, 110 (1925) [Zentr. p. 209 (1916)]. 
1 Zanetti and Beckmann, J. Am. Chem. Soc., 50, 2031 (1928) and Gilman and Diekey, 
Iowa State Coll. J. of Sci., 5, 193 (1931). 
s Provided by a chemical house. 
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Tetrahydrofurfuryl oxalate, ( C4H 1 0CH20CO) 2 • Tetrahydrofurfuryl 
oxalate was prepared by the method used by W ahl9 in the preparation of 
various esters of oxalic acid. A 8.4 g. (0.0824 mole) portion of tetrahydro-
furfuryl alcohol was dissolved in 6 g. of benzene and 3 g. (0.0333 mole) of 
anhydrous oxalic acid added to the resulting solution. To this mixture was 
then added 1.79 g. (0.0183 mole) of concentrated sulfuric acid and the 
mixture stirred at room temperature for 10 hours. The solution was then 
washed with a small amount of dilute sodium bicarbonate solution, dried 
over sodium sulfate and distilled. The yield of tetrahydrofurfuryl oxalate 
boiling at 203° /4 mm. was 5 g. or 58.4 per cent, based upon oxalic acid. 
In a second preparation, 30.6 g. (0.3 mole) of tetrahydrofurfuryl al-
cohol was added to 9 g. (0.1 mole) of anhydrous oxalic acid and the mix-
ture heated at 120° for 12 hours. The mixture was then distilled to yield 
16 g. or 62 per cent, based on oxalic acid, of tetrahydrofurfuryl oxalate 
boiling at 203°/4 mm. 
This ester is a colorless liquid with little odor; sp.g. ~5 1.1835 ; n 2:ir 
1.4650. The saponification equivalent was determined as 127.5, the theo-
retical value being 129. 
Anal. Calcd. for C12H 180 6 : C, 55.81; H, 6.98. Found: C, 55.79 and 
56.05; H, 7.21 and 6.77. 
Tetrahydrofurylpropyl oxalate, ( C4H 70CH2CH2CH20CO) 2 • Attempts 
at preparation of the oxalic ester of tetrahydrofurylpropyl alcohol by the 
action of anhydrous oxalic acid were not successful. Signs of decomposition 
were evident and complete decomposition resulted upon attempted distilla-
tion at 4 mm. We were, however, successful in securing this compound by 
the action of oxalyl chloride upon the sodium salt of the alcohol. Thirteen 
grams (0.1 mole) tetrahydrofurylpropyl alcohol was dissolved in 50 cc. of 
dry benzene and 2.3 g. (0.1 atom) of sodium added. This mixture was 
refiu..'{ed until no further reaction was evident. The small particle of un-
used sodium was then removed and 6.35 g. (0.05 mole) of oxalyl chloride 
was added dropwise with vigorous stirring. The mixture was refluxed for 
two hours, filtered and distilled to yield 8 g. or 51 per cent of tetrahydro-
furylpropyl oxalate boiling at 210° /3 mm. 
This ester is a colorless liquid with little odor; sp.g. !5 1.1045 ; n ~5 
1.4675. The saponification equivalent was determined as 157.9, the theo-
retical value being 157. 
Anal. Calcd. for C16H 260 6 : C, 61.15; H, 8.25. Found: C, 60.63 and 
61.00; H, 8.61 and 8.14. 
Tetrahydrofurfuryl salicylate, ( C4H 70CH20CO) C6H 40H ( o). Tetra-
hydrofurfuryl salicylate was prepared by the action of the acid chloride 
on tetrahydrofurfuryl alcohol. The salicyloyl chloride was prepared by 
the method of Adams and Ulich10 by the action of oxalyl chloride on sali-
cylic acid. A 13.8 g. (0.1 mole) portion of salicylic acid was dissolved in 
50 cc. of dry benzene and 31.8 g. (0.25 mole) of oxalyl chloride added drop-
wise with stirring. The mixture was refluxed gently for two hours and 
the excess oxalyl chloride and benzene removed by distillation under re-
duced pressure. No attempt was made to distill the salicyloyl chloride. 
9Whal, Bull. we. chim., 35, 304 (1924); ibid., 37, 713 (1925). 
10 Adams and Ulrich, J. Am. Chem. Soc., 42, 604 (1920). 
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The crude salicyloyl chloride was added to a solution of 10.2 g. (0.1 
mole) of tetrahydrofurfuryl alcohol in 100 cc. of benzene and the solution 
refluxed until evolution of hydrogen chloride ceased. The mixture was 
then distilled to yield 15 g. or 78 per cent of tetrahydrofurfuryl salicylate 
boiling at 166°/5 mm. The ester is a colorless liquid with a very pleasant 
odor; sp.g.!4 1.1831; n ~4 1.5217. 
Anal. Calcd. for C12H 140 4 : C, 63.26; H, 5.77. Found: C, 63.25 and 
63.57; H, 5.92 and 5.94. 
Tetrahydrofurfuryl dichloroacetate, C4H 10CH20COCHCl2 • This ester 
was prepared (after the method described for the preparation of tetrahydro-
furfuryl monochloroacetate11 ) from the alcohol, dichloroacetic acid and 
hydrogen chloride. It is a stable colorless liquid of practically no odor, 
but it has a sharp taste. The ester distils at 106-108° /4 mm.; sp.g. ~~ 1.3095. 
Anal. Calcd. Cl, 31.66. Found: Cl, 31.84 and 31.62. 
2-Chloroethyl furoate, C4H 30COOCH2CH2Cl, was prepared by saturat-
ing a benzene solution of furoic acid and e.thylene chlorohydrin with hy-
drogen chloride. It distils at 116-117°/9 mm.; sp.g. 1.2952; has an odor 
similar to that of ethyl furoate; and has a sharp, pungent taste. 
Anal. Calcd: Cl. 20.31. Found: Cl, 19.95 and 20.05. 
Tetrahydrofurfuryl ~-furylacrylate, C~H10CH20COCH=CHC4H30, 
was prepared after the method used for tetrahydrofurfuryl acetate. The 
yield of compound distilling at 163-167° /4 mm. (sp.g. ~~ 1.1450) 84.7 per 
cent. 
Anal. Calcd: C, 64.83; H, 6.36. Found: C, 64.95 and 64.90; H, 6.20 
and 6.24. 
Tetrahydrofurfuryl cinnamate, C4H 1 0CH20COCH=CHC6H 5 , pre-
pared like the preceding ester, distilled at 180-181° /4 mm.; sp.g. 1.120. 
Anal. Calcd: C, 72.37; H, 6.94. Found: C, 72.05 and 72.14; H, 6.75 
and 6.81. 
2-Chloroethyl ~-furylacrylate, C4H 30CH=CHCOOCH2CH2Cl. This 
ester was obtained in 80 per cent yield and distilled at 130-132° /4 mm.; 
sp.g. ~~ 1.2343. 
Anal. Calcd: Cl, 17.68. Found: Cl, 17.56 and 17.50. 
DISCUSSION OF RESULTS 
An examination of Table I reveals that on the basis of flies inactivated 
in a ten minute period the range of effectiveness of the furan compounds 
investigated extends from no inactivation with ethyl bromofuryl-dibromo-
propionate to 67 per cent with p-cresyl furoate. 
The simpler compounds like Numbers 1 and 2 a.re relatively ineffective, 
and yet phenyl furoate (No. 15) is reasonably effective. 
In general, those compounds having lateral unsa.turation (and, in 
particular, those with conjugated unsaturation) are effective. Some illus-
trations are compounds 4, 6, 9, 10, 22 and 24. However, any sweeping 
u Gilman, Hewlett and Dickey, Iowa State Coll. J. Sci., 6, 137 (1932). 
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generalization concerning the effect of unsaturation is unwarranted in view 
of the low results with compounds 8, 23, 26, 27 and 28. 
Tetrahydrofurfuryl esters (12, 13 and 14) appear of little promise. 
There are marked variations between some position isomers. For ex-
ample, m-cresyl furoate is of slight activity and p-cresyl furoate is of 
marked activity. This relative order is maintained el~ewhere as in the 
lesser activity of m-cresyl furylacrylate when compared with the isomeric 
p-cresyl furylacrylate. 
The introduction of bromine has a general lowering effect and this is 
particularly noteworthy with 5-bromofurylacrylic acid (No. 10) and 5-
bromofuryl-bromoacrylic acid (No. 11). A part of such differences is un-
doubtedly due to decreased volatility. 
In general, the several compounds have comparable ratios of inactiva-
tion for the ten and thirty minute intervals, although there are occasional 
marked exceptions. 
The authors are grateful to Professor C. H. Richardson for assistance. 
SUMMARY 
A preliminary study has been made of the insecticidal action on flies 
of some furan compounds. 
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INTRODUCTION 
The interesting studies by Norris1 a on the decarboxylation temperatures 
of some malonic acids (incidental to a general study on the reactivity of 
atoms and groups in organic compounds) suggested a related investigation 
of the decarboxylation of furoic acids. Furoic acids, in general, undergo 
relatively ready decarboxylation and the smoothness of this reaction with 
2-furoic acid commends it as the best present method for the preparation 
of furan. 2 It was felt that such a procedure might throw light on (1) the 
so-called super-aromatic properties of furan8 and (2) on the position of 
nuclear substituents in some furoic acids of uncertain constitution. The 
easier thermal decarboxylation of alpha-furoic acids and also the more 
ready replacement of an alpha-carboxylic group by mercury2 may or may 
not be related to the greater aromaticity of the alpha- as contrasted with 
the beta-position in furan. Although studies by W. E. Catlin on the ioniza-
tion constants of furoic acid show 2-furoic acid to be more highly ionized 
than either 3-furoic acid or benzoic acid it is quite doubtful whether sound 
deductions can be drawn from decarboxylation temperatures and ionization 
constants1h, even though ionization constants appear to be correlated with 
aromaticity. 
Unfortunately, whatever prospects might have been entertained for 
applying decarboxylation temperatures to constitution could not be realized 
with some critical halogen-substituted furoic acids because of secondary 
decompositions leading to the evolution of halogens and halogen acids. 
However, it does appear from the present results that the method might be 
used to correlate thermal decarboxylation in the furan series with substi-
tuted malonic acids if a series of 5-alkyl-furoic acids be used. Further-
more, the method or its simple barium hydroxide alternative18 should prove 
useful in selecting optimal catalytic conditions for the synthesis of furan 
compounds by decarboxylation. 
EXPERIMENTAL PART 
The general technique was that used by Norris and Young,13 and the 
later modifications1h came at a time when most of the work was completed. 
Two minor experimental changes were introduced: (1) an electric tapping 
1 (a) Norris and Young, J. Am. Chem. Soc., 52, 5066 (1930). (b) See, also, a re-
lated study by Marshall, Bee. Pra1J. chim., 51, 233 (1932) on the thermal stabilities of 
some alkylated malonic acids. 
2 Gilman and Lousinian, Bee. trav. chim., 52, 156 (1933). 
s Gilman and T.owne, ibid., 51, 1054 (1932). 
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device was used to facilitate readings of the mercury slug; and (2) in ad-
dition to a motor stirrer in the heating chamber, vertical stirring was ef-
fected by a vacuum pump arrangement. The results given in Table I and 
the foot-notes which accompany it are the averages of several determina-
tions for each acid. Because of the instability of some furan compounds 
and the marked effect of impurities on the temperature of decarboxylation, 
no claim can be made for quantitative exactness. 
TABLE 1. Decarboxylatiml. temperaturoo of some f'IJIT'Oto acids 
Compound Melting point 
Decarboxylation 
temperature 
2-Furoic Acid 132 158 
5-Methyl-2-Furoic Acid 107 122-125(a) 
5-tert.-Butyl-2- Furoic Acid 105 125-127 
5-Chlor<>-2-Furoic Acid 175 180-182 
5-Brom<>-2-Furoic Acid 185 177-179 
3,5-Dichlor<>-2-Furoic Acid 156-157 168-170 
3,5-Dibrom<>-2-Furoic Acid 168-168.5 174(b) 
5-Iodt>-2-Furoic Acid 193 (c) 
5-Nitr<>-2-Furoic Acid 186 201-203 
3-Furoic Acid 122 152 
2-Methyl-3-Furoic Acid 101 101-103 
2,4--Dimethyl-3-Furoic Acid 114 129(d) 
2-Methyl-5-Nitr<>-3-Furoic Acid 154.5 172 
2,4--Dimethyl-5-Nitr<>-3-Furoic Acid 182 185-186 
o--Anisic Acid [o-CHpC6H.co2H] 98 213-215 
p-Anisic Acid (p-CH80C6H•C02H) 106-7 243-245 
(a) The 5-methyl-2-furoic acid gave curves indicating some disturbances at the 
melting point . and the curves did not completely recover to the normal curve 
before dccarboxylation set in. With this in mind a determination was made of 
that temperature required to give a precipitate when the effluent gases were 
passed into barium hydroxide. This temperature was 133 or eight to ten de-
grees higher than that obtained from the curves. Prior to this the related 
technique of Norris was essentially checked on malonic acid, the widest dif-
ference being but two degrees. 
(b) 
(c) 
(d) 
The evolved gases contain some hydrogen bromide. 
Iodine was liberated at about 178°, 
In an orienting experiment inconclusive results were obtained with 2,5-di-
methyl-3,4--furandicarboxylic acid which melted at 232° and started to decarbo-
xylate at 80°. The low temperature of decarboxylation is to be verified; how-
ever, it is significant that this dibasic acid can be decarboxylated in large 
quantities with great ease. 
DISCUSSION OF RESULTS 
The graphs from which the decarboxylation temperatures were taken 
did not always show a sharp or distinct break in the curve and this ac-
counts for the temperature range in a few cases. This occasional lack of 
sharpness is not due, we believe, to the method but is due rather largely to 
the extra thermal sensitivity of some furan compounds. 
In general, the decomposition temperatures of malonic acids lie closer 
to the melting points than is the case with the furoic acids. 
The number of alkyl 2-furoic acids reported at this time is altogether 
DECARBOXYLATION TEMPERATURES OF SOME FUROIC ACIDS 431 
too small to warrant any definite correlations with related malonic acids. 
However, the two compounds examined indicate a relationship with 2-furoic 
acid like that observed with malonic acid and its alkyl derivatives. It 
should be remembered that our butyl-furoic acid is tertimry and not normal. 
The closely related 5-bromo-, 5-chloro- and 5-iodo-2-furoic acids cannot 
be compared because of secondary decompositions. One conclusion can, 
however, be drawn and that is the general or over-all relative stabilities of 
these compounds: The iodo being least stable and the chloro most stable. 
For this reason no decarboxylation temperature is reported with the iodo 
compound. The decarboxylation temperature of the bromo compound is of 
no great significance since it is compounded of several factors only one of 
which is decarboxylation, the others involving expulsion of the halogen and 
secondary reactions of such halogen and halogen acid on the resulting com-
pounds like bromofuran. 
The difference between the decarboxylation temperature and melting 
point of 2-furoic acid (158 - 132 = 26) is slightly less tha.n that with 
3-furoic acid (152 - 132 = 30). Somewhat related to this is the fact that 
preferential decarboxylation of an alpha-beta-furandicarboxylic acid (2,4-
furandicarboxylic acid) gives quite satisfactory yields of 3-furoic acid. 
The occasional anomalous "breaks" with 3-furoic acid are being investi-
gated further. 
The 0- and p-methoxybenzoin acids were investigated in connection 
with some correlations on the super-aromatic properties of some benezene 
and furan types. 
The authors are grateful to George F. Wright for assistance. 
SUMMARY 
The Norris graphical method for determining the temperatures of 
decarboxylation of malonic acids has been applied to a number of furoic 
acids in connection with a study of the relative reactivity of elements and 
groups attached to the furan nucleus. 
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A taxonomic study of a mold of the Moniliaceae, isolated by Dr. Max 
Levine from corn mash, is presented. The mold was characterized by a 
peculiar fruity aroma which it produced when grown on wort agar. 
In the literature, descriptions of two molds were found which corre-
sponded sufficiently with this species to warrant closer comparison. The 
first was that of Lindner (1) which he called his "wine-bucket" mold and 
named Sachsia suaveolens. Later Lindau (2) placed this organism in the 
.genus Oospora and called it Oospora suaveolens. A short time after this 
Krzemecki (3) isolated a mold characterized by a similar fruity aroma from 
a sample of water. Lindner compared the latter with his and pointed out 
that they were not the same. Krzemecki then named his mold Oidium 
suaveolens. Since these genera are members of the Moniliaceae and there 
is more or less confusion concerning them, a study of the mold was made 
and its morphology and physiology compared with the descriptions given 
by Lindner and Krzemecki, with a view to properly allocating the organism. 
MORPHOLOGY 
The mycelium is typically mold-like. The hyphae are hyaline in color 
and have a diameter of from 4 to 5 microns. In the growing hyphae, 
branches appear laterally and posteriorly to the septa soon after they are 
formed. Branching at the tips of the hyphae does not occur. Budding was 
not observed. In the isolated colony the filaments appear to radiate from 
the center. (Plate I, A) In the developing isolated colony the hyphae 
become fasciculated and branching occurs only on the outside of the bundles. 
(Plate I, D) These outside branches also become fasciculated. This char-
acteristic of fasciculation results in pseudo-coremia formation on the sur-
face growth. (Plate I, B and C) When the tips of the hyphae come into 
contact with the glass surface around the culture they appear to flatten out 
in irregular finger-like projections and form appresoria. From the irregu-
lar projections of these appresoria, filaments grow back into the medium. 
(Plate I, D and Plate II). 
Conidia are formed by the segmentation of the hyphae, both in the 
pseudo-coremia and in the medium. The conidia are cylindrical in shape 
with rounded corners, and when observed in cultures on solid media, ap-
pear to consist of irregular zig-zag chains of cells. Conidia formed in 
young cultures present a granular appearance and show oil drops in the 
ends of the cells . . Photomicrographs (magnification of 500 diameters) were 
made of the conidia and their size measured. A variation in length of from 
10 to 30 microns was found, the average being 21 microns. The diameter 
was between 4 to 5 microns. (Plate I, E and Plate II, D). 
1 The writer wishes to express his appreciation to Dr. J". C. Gilman and Dr. Ma.x 
Levine for their interest, cooperation and helpful suggestions in this work. 
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CULTURAL CHARACTERS 
The surface growth is much the same on the various media. The chief 
difference is in the vigor of growth and a correspondingly greater or less 
degree of spreading and pseudo-coremia formation. The organism grew 
well at a temperature of 23° to 26° C., poorly at 37° C., and gave no growth 
at 40° C. The mold was grown on the following media: 
Potato Dextrose .Agar (Difeo) Sl,am,ts: Vigorous growth with strong 
aroma production. The growth spreads and abundant pseudo-coremia are 
formed. 
Wort .Agar (Difeo) SUints: Vigorous spreading growth, producing 
pseudo-coremia and strong aroma. 
Potato Slants: Vigorous spreading growth and pseudo-coremia pro-
duction ; slight aroma. 
Bean .Agar (Difeo) SUints: Moderate growth with slight spreading. 
Hyphae extend deep into the medium. Pseudo-coremia, if formed, are 
small; slight aroma. 
WMIJ .Agar (Difeo) SUints: Very poor growth. 
Nutrient .Agar (Difeo, Standard Methods Formula) Sl,am,ts: Very 
poor growth. 
Nutrient Gelatin: The organism grew moderately well ; medium not 
liquefied. 
Starch .Agar PUites: Good growth. The starch was not hydrolyzed. 
Lead .Acetate .Agar (Difeo) Stab: Moderate growth on the surface 
and along the stab. Hydrogen sulfide was not formed. 
M<ilt Extract Broth (Difeo) : Vigorous growth and strong aroma. 
Peptone Water and Nutrient Broth: Only a fair growth was ob-
tained. An occasional slight trace of aroma was noted. 
Nitrate Broth: Moderate growth with no aroma. The test for nitrites 
was negative. 
Litmus Milk: Moderate growth and aroma production. There was 
no change in reaction. 
Growth was scanty or moderate and neither acid nor gas was produced 
in broth containing lactose, mannitol, trehalose, melizitose, pectin, rham-
nose, salicin, sorbitol, xylan, xylose, gum arabic, starch or cellulose. Vigor-
ous growth with acid production and strong aroma was obtained in dextrose, 
sucrose and glycerol broth. The initial reaction was pH 7.0. 
GROWTH OF A CONIDIUM 
A moist chamber was employed in the study of the developing conidium. 
The medium used was dextrose tartaric acid agar. The culture was pre-
pared by touching the tip of an inoculating needle to a well shaken malt 
extract broth culture of the mold and then touching the center of a sterile 
cover slip with the needle. A loop of the melted agar was then placed on 
the inoculated area and the cover slip mounted on the moist chamber. The 
time of making the preparation was recorded and a search made for a 
conidium. Figure 1 shows the photomicrographic record of the growth for 
thirteen hours. 
The following points of interest were noted from this photographic 
study. Growth appeared at one end of the conidium in 55 minutes, the re-
sulting filament showing initiation of appresorium formation in six and 
one-half hours. Growth from the opposite end of the same conidium de-
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veloped in five and one-half hours. In this latter filament a different type 
of cross wall from those previously observed, namely, a very heavy septum, 
was formed at 10 and 11 hours as may be seen in figure 1. This filament 
then separated at this point and became segmented, new growths develop-
ing from the ends of the separated cells as is shown in the photograph made 
at thirteen hours. 
\\\\((·r 2~ • . 4 5 li.5 6 ~ 6.5 7 . 
8 9 10 II 13 
4 j _ 1 I Jf I I I I I I I I I I 
Fig. 1. Development of a conidium. (Numbers indicate time elapsed in hours. 
Scale: - 1 unit = 5µ). 
Measurement of the hourly growth of each branch as it developed was 
made. In table 1 the hourly increase in length of each branch is tabulated. 
The average increase in length of all :filaments was 17.2 microns per hour. 
TABLE 1. Ekmgati<>n of hyphae in microns per 1wwr 
Age of Order of branching 
branch in 
hours 1 2 3 4 5 6 
1 14µ 13µ 12µ 17µ 22µ 15µ 
------
2 11µ 19µ 22µ 24µ 
·-----
3 15µ 20µ 16µ 
4 17µ 21µ 
TAXONOMY 
Taxonomically, this organism might be considered as a member of one 
or other of the four genera of the Moniliaceae: Oidium, Sachsia, Oospora 
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or Cylindrium. The characterizations that have been given these genera in 
the past has been so varied that today there results a great deal of con-
fusion. An analysis of the characters of this mold and that of Krzemecki, 
called Oiditu.m suaveolens, shows them to be the same. Table 2 presents a 
comparison of the characters of the molds described by Krzemecki, Lindner 
and the one now presented. The same characters of Oospora lactis are in-
cluded to show possible relationships. In order to make clear the reason 
:for changing the taxonomic position of this mold a brief outline of the 
modern concept of these genera is given. 
TABLE 2. Comparatwe characters of mold forms can.sidered 
Character New culture Krzemecki Lindner Oospora lactis 
-
Mycelium 
Apical 
Branching Lateral Lateral Lateral Dichotomous 
--- -----
Budding Absent Absent Present Present 
-- ---- -- --- - - --
Appresoria Present Present Absent Absent 
Fruiting Hyphae 
Branching Absent Absent Present Present 
-- - ---
Pseudo-coremia Present Present Absent Absent 
Conidia Cylindrical Cylindrical Globose Globose 
Today the genus Oidium is considered as limited to the plant parasitic 
species which are known to be the conidial stages of Erysiphaceae. Since 
this organism is clearly a saprophyte the name proposed by Krzemecki can-
not now be used. 
Sachsia and Oospora are closely related to Oidium and are now re-
garded as containing saprophytes. Lindau considered that the genus Sachsia 
should not be separated from Oospora for the reason that the characteristic 
of budding which was the supposedly distinguishing character for Sachsia 
occurred in both genera. For this reason he placed Lindner's aromatic 
mold, Sachsia suaveolens, in the genus Oospora. 
In 1923 Berkhout (4) attempted a reorganization of this family. In 
this publication she placed Krzemecki 's mold in the genus Oospora. Lind-
ner had compared Krzemecki 's culture with his own and found that it was 
not Oospora suaveolens (Lindner) Lindau, and so Berkhout was forced to 
give it a new name, namely, Oospora fragrans, Berkhout. She apparently 
overlooked the fact that the fourth genus Cylindrium which differs from 
Oospora by containing those forms with cylindrical rather than globose 
conidia might better fit this organism. It is in this group that our mold 
should be placed, as is clear from the shape of the conidia (Pl. I. fig. E; 
Pl. II. fig. D.). It is therefore proposed that a return be made to Krze-
mecki 's original specific name with the new combination, Oylindrium 
suaveolens, n. comb. 
The organism may be characterized thus :-Colony gray, membranous; 
surface fasciculated with pseudo-coremia formation, hyphae hyaline, very 
short and little differentiated from the conidia; mycelial threads radiate 
from center and present lateral branching; appresoria present; conidia 
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cylindrical with slightly rounded corners, varying in size from 10-30µ (Av. 
21µ) x 4-5µ. 
SUMMARY 
Characters of an aroma-producing mold, similar to Oidium suaveolens 
Krzemecki, have been presented. Discrepancies in the taxonomy have been 
pointed out and a new combination, Cylindrium suaveolens proposed. 
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Plate I 
Fig. A. Subsurface colony showing radiation hyphac. 
:Fig. B. Pseudo-coremia. 
Fig. C. Pseudo-coremia as seen from the side. 
Fig. D. Developing colony showing fasciculation. 
Fig. E. Conidia. 
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Fig. A. 
Fig. B. 
Fig. c. 
Fig. D. 
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Plate II 
Yeung colony showing apprcso1·ia. 
Same colony as (A) 12 hours later showing filaments growing from appre-
soria. 
Lateral branching and appresoria with developing filaments. 
Appresoria and conidia formation shown in more detail. Note zig-zag ar-
rangement of cells. 
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Plate II 
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In studies on the fermentation of agricultural wastes the problem has 
been met of determining the relative quantities of -furfural yielding con-
stituents (pentoses and pentosans) before and after completion of the fer-
mentation. A survey of the methods available for the determination of 
these materials shows that the method most widely used is that based upon 
the work of Krober and Rimbach (14), which is the standard method 
recommended by the Association of Official Agricultural Chemists (1). As 
has been pointed out by a number of investigators, the method has several 
disadvantages, chief among them for the present problem being the time 
required for completion of the analysis. 
The conversion of pentose materials to furfural by Krober's method is 
based on an empirical method of distillation from 12 per cent HCL The 
sample is placed in a 250 ml. fl.ask with 100 ml. of 12 percent HCl and dis-
tilled at such a rate that 30 ml. of distillate are collected in ten minutes. 
The acid is replaced by adding another 30 ml. of 12 per cent HCL through 
a dropping funnel and the distillation continued at the same rate with 
further additions of acid at ten-minute intervals until 360 ml. of distillate 
have been collected. A quantity of phloroglucinol solution in 12 per cent 
HCl, containing about twice the required amount of the precipitant, is 
added to the distillate, the total volume made up to 400 ml. with 12 per cent 
HCl and allowed to stand for fourteen hours. The precipitate is then 
collected on a prepared Gooch crucible, washed with 150 ml. of distilled 
water (in such a manner that the water is never completely removed from 
the crucible until the last), dried for four hours at 100°C. and weighed in 
a weighing bottle. The weight of phloroglucid obtained is converted to pen-
tose or pentosan by reference to Krober's tables (1, 13). 
In the orig'inal work of Krober and Rimbach (14) it was shown that 
when furfural solutions are precipitated by phloroglucinol as described, 
0.0052 gm. of phloroglucid remains in solution and is dissolved by the 150 
ml. of wash water. The data upon which the conversion tables were built, 
were then obtained by distillation of samples of pure xylose and arabinose 
in the prescribed manner, results being obtained as shown in table 1. 
TABLE 1. Ratio of xylose to phloroghwid obtained by Krober and Rimbach 
Xyloso 
0.050 
0.100 
0.200 
0.250 
Phloroglucid 
0.04925 
0.1040 
0.2137 
0.26875 
[443) 
Ratio 
phloroglucid xyloso 
1 :0.985 
1 :1.040 
1 :1.068 
1 :1.075 
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The weight of phloroglucid thus obtained, corrected for the amount 
remaining in solution, resulted in a more constant ratio, as shown in table 2. 
TABLE 2. Ratio of xylose to corrected weight of phlorogliicid 
Xylose Phlol'oglucid Phloroglucid Ratio 
+ 0.0052 
0.050 0.04925 0.05445 1 :0.9183 
0.100 0.1040 0.1092 1 :0.9158 
0.200 0.2137 0.2189 1 :0.9137 
0.250 0.2687 0.27395 1:0.9320 
--------
From these ratios and similar developed ratios for arabinose, the fol-
lowing formulas used for construction of the conversion tables were derived: 
Xylo'le = (a + 0.0052) 0.9183 to 0.9320 
Arabinose = (a + 0.0052) 1.1086 to 1.0941 
where ''a'' equals the weight of phloroglucid obtained. 
It is obvious that the tables depict only direct relationships between 
weight of pentose and phloroglucid obtained by rigid adherence to the pre-
scribed technique, and although we frequently find reports in the literature 
in which the results obtained by other methods of distillation have been 
interpreted by means of Krober's conversion tables, there can be no jus· 
tification for the practice. 
Conversion of the pentose materials to furfural by steam distillation 
until exhaustion of furfural as recommended and used by a number of 
workers has some evident advantages over the above method, but has hardly 
been sufficiently standardized for practical use. Several investigators, 
.Tolles (4), Ling and Nanji (6), and Pervier and Gortner (8), using various 
methods for determining furfural, reported 100 per cent conversion of pure 
xylose and arabinose by steam distillation from dilute HCl. Since other 
investigators have not succeeded in obtaining 100 pei; cent conversion of 
both xylose and arabinose by any method of acid distillation it is apparent 
that such theoretical conversions cannot be consistently obtained. The use 
of a method involving steam distillation, then, is dependent upon the de· 
velopment of proper conversion factors as in the standard method. 
Various other modifications of the distillation have been proposed while 
a great variety of methods and reagents have been used for estimating the 
furfural content of the distillate, It is not, however, within the scope of 
this paper to give a complete review of the subject. A rather complete 
bibliography of reports dealing with the determination, up to that time, i~ 
given by Pervier and Gortner ( 8). These workers, applying the steam 
distillation method of Jolles (4) to the conversion of xylose and arabinose 
to fudural and determining the furfural by an electrometric bromate titra-
tion reported 100 per cent recovery of these two pentoses. At the same 
time they demonstrated that when distillation i<s carried out by the standard 
method, the acid concentration in the distillation flask rises rapidly and 
after 60 ml. of distillate have been collected remains between 18 and 20 
per cent HCL They could explain their high yields, then, only on the basis 
of rapid removal of the furfural by steam with consequent prevention of 
its destruction by longer contact with the strong acid. 
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It remained, however, for Kline and Acree ( 5) to prove that practically 
100 per cent recovery 0:£ furfural from solution could be obtained by both 
the standard and steam distillation methods and that the degree 0:£ con-
version 0:£ xylose by both methods is practically the same. On 0.0697 gm. 
samples 0:£ xylose they obtained 88 per cent recovery by each 0:£ the two 
methods. 
These results suggested to us the possible advantages offered by using 
a constant boiling or 20 per cent HCl mixture in a rapid distillation method 
for converting pentose materials into furfural. 
The furfural was precipitated with 2,4-dinitrophenylhydrazine and 
weighed as the corresponding hydrazone. 
The use of 2,4-dinitrophenylhydrazine has been found to be very satis-
factory as a precipitant for a number of carbonyl compounds and it seemed 
desirable to determine its applicability to the determination 0:£ furfural 
under these conditions. The solution of 2,4-dinitrophenylhydrazine was 
prepared by saturating cold dilute (2 normal) HCl with the reagent and 
filtering immediately before using. The solution prepared in this manner 
contains about 4.2 mg. of 2,4-dinitrophenylhydrazine per ml. and should be 
freshly prepared since the reagent undergoes decomposition on standing. 
The furfural solutions were prepared from the constant boiling fraction 
obtained by two distillations, under reduced pressure, of C. P. furfural 
(Pfanstiehl). 
Precipitation of the furfural was carried out by adding an excess of 
the reagent to the furfural solution in 20 per cent HCl. The precipitate 
was allowed to stand three hours or longer at room temperature, collected 
on a Gooch crucible, washed with dilute (2 normal) HCl, then with water 
and weighed after drying at 100°C. for one hour. 
Comparisons were made with the bromide-bromate titration of Powell 
and Whittaker ( 9) which has been recommended by Kline and Acree ( 5) . 
The determinations by this method were carried out in 12 per cent HCl as 
described by Powell and Whittaker. The results, table 3, show close agree-
ment with those obtained by precipitation with 2,4-dinitrophenylhydrazine. 
TABLE 3. Comparison of f1vrfural determitnati01ts by the method of Powell and 
Whittaker with precipitation as the 2,4-diwitrophewylhydrazone 
Weight of furfural Weight of furfural found 
Precipitation I Titration 
~~~~~~~~~~--~~~~~~--~~':~~~~~~~~~~-
.0039 
.0077 
.0194 
.0034 
.0076 
.0191 
.0042 
.0079 
.0193 
Simon (10) has used 2,4-dinitrophenylhydrazine to determine the fur-
fural in distillates obtained by distilling pentoses from 12 per cent HCl 
according to Krober's method. He gives analytical data showing the com-
position of the precipitate to agree very closely with the theoretical formula 
C H N 0 h h f furfural 1 3478 
11 8 4 5> so t at t e actor 2 4 a· . h lb a equa s . . 
, . - 1mtrop eny y razone 
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His results show that precipitation is complete in one hour if held in a 
freezing mixture. We have confirmed the more rapid precipitation at lower 
temperatures and have found it to be complete in two hours when held at 
5 to l0°C. in the ice-box. 
Preliminary experiments on the distillation of pure xylose from 20 
per cent HCl gave varying yields when a given volume of distillate was 
collected at varying rates of distillation. Further experiments, however, 
gave consistant results when distillation was carried out at a fixed rate 
from a solution held at a constant volume of 100 ml. by adding 20 per 
cent HCl from a dropping funnel. The maximum yield of furfural from 
xylose was obtained when 200 ml. of distillate were collected in 60 minutes. 
Distillations were made from a constant volume of 100 ml. and the results 
of four experiments are shown in table 4. 
TABLE 4. Weights of e, 4-ditnitro phenylhydrazone of furfwral obtaitned by distillmg 
xylo~e i'n 20 per cent HCl and collecting eoo ml. of distillate in 60 minutes 
Experiment 1 2 3 4 
Weight x'ylose gms. 0.1016 0.1000 \ 0.3013 0.0291 
:-----~----;--~--Dist ill at ion time for 200 ml. dist. min. J 58 6~0~---c1 __ 6_o_-'-_~6~0--
Weight of percipitate gms. J 0.1608 I 6.1576 I 0.4664 0.0470 
Furfural equivalent gms. I o.o559_l_OJl548-J 0.162~2--''--~o~.O~l-6~3-
Theoretical furfural gms. J 0.06SO_l_0.~06~4--;J--0-.1~92~8,..--;-~0~.0-18~6~ 
Percentage recovery J 86.0 J 85.6 I 84.1 87.6 
Distillation time for additional I I ,----:----
100 ml. of dist. min. 30 30 30 30 
Weight precipitate 1-0:0000 I 0.0000 I 0.0002 0.0000 
The method as proposed, then consists of the following steps : 
1. Place the sample in a 250 ml. Erlenmeyer flask with 100 ml. of 20 
per cent HCl and distill at such a rate that 195 to 200 ml. of distillate are 
collected in one hour. Keep the volume constant in the distilling flask by 
adding acid from a dropping funnel. Allow the distillate to pass through 
a small filter paper and collect in a graduated cylinder in order to aid in 
adjusting the rate of distillation. 
2. To the total distillate or an aliquot add an excess of 2,4-dinitro-
phenylhydrazine solution (prepared by saturating cold, 2 normal HCl with 
the reagent and filtering immediately before using). All<;>w the precipitate 
to stand three hours or longer at room temperature or two hours in the 
refrigerator. 
3. Collect the precipitate on a Gooch crucible, dry one hour at 100°C. 
and weigh. 
We have found that the rate of distillation can be best controlled by 
the use of an electric heater with adjustable rheostat. 
A number of distillations on samples of pure xylose and arabinose 
gave the results shown in table 5. In each case the results are the average 
of four or more closely agreeing determinations. 
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These results show a small but regular increase in the percentage of 
recovery as the concentration of pentose decreases. 
In contrast to this, results as reported in Krober's tables show an in-
creasing yield in the opposite direction ie., increasing percentage of re-
covery with increasing concentration of pentose. The values in table 6 are 
taken from Krober's tables. 
The same contrast is to be found in results reported by Kline and 
Acree ( 5), in which furfural aliquots from the same distillations were de-
termined by precipitation with thiobarbituric acid and by the bromine titra-
tion, the percentage recovery by the second method being in inverse order 
of that by the first. Their results are shown in table 7. 
TABLE 5. Weights of 2, 4-dinitro phenylhydraz<J'/1,17 and percentage recovery 
of zylose and arabinw&e by distillati<Yn from 20 per cent HCl 
Theoretical Wt. of Furfural Percentage 
furfural precipitate equivalent recovery 
mg. mg. mg. 
Arabinose 
mg. 
30 I 19.2 40.3 14.0 73.0 50 32.0 66.7 23.20 72.5 
100 
I 
64.0 131.2 45.5 71.2 
200 128.0 258.5 89.7 71.4 
300 192.0 375.2 130.5 68.0 
Xylose 
mg. 
30 19.2 48.3 16.8 87.5 
50 32.0 80.5 28.05 87.0 
100 64.-0 159.7 55.5 86.7 
200 128.0 312.1 108.8 84.8 
300 192.0 458.0 159.3 82.9 
TABLE 6. Wei.ghts of phlaroglucid and percentage of reoovery of zylose by Krober 
. . 
Wt. xylose 1, Wt. Furfural Theoretical Percentage 
I phloroglucid equivalent furfural recovery 
.0324 .030 .0182 .02075 87.7 
.0681 .069 .0385 .0436 88.2 
.1046 .109 .0593 .0669 88.6 
.2784 .300 .1581 .178 88.8 
Since it has been shown by Kline and Acree that the bromine titration 
is accurate for small amounts of furfural and we have fom1d that results 
obtained by precipitation with 2,4-dinitrophenylhydrazine agree closely 
with those obtained by the bromine titration, it is evident that the decreased 
yields of furfural in the distillation of small samples when determined by 
precipitation with phloroglucinol or thiobarbituric acid must be due to the 
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incomplete precipitation by these reagents, particularly in the more dilute 
solutions. 
TABLE 7. Percentage recovery of a:ylose when furfural determined by precipitation 
with thi-Obarbituric acid is oompared with the bromine titration 
Wt. xylose 
.0139 
.0697 
.1393 
.2786 
as reported by Kline and Acree 
Xylose found-Percentage recovery 
Precipitation by I 
thiobarturic acid Bromine titration 
29.10 
88.02 
83.05 
83.29 
93.53 
91.93 
85.06 
81.52 
From the data obtained on the distillation of xylose and arabinose 
(table 5) from 20 per cent HCl, the following equations for converting the 
weights of precipitate to the respective pentoses were derived. 
(1) Weightofarabinose= 0.73 _[(x-x40.3) (O.OOOl5)] 0.5433 
(2) Weight of xylose = 0.87 _ [ (x ~ 48.3) .0001l2] .5433 
where x = weight of precipitate. 
Considering xylan and araban as the anhydrides of the respective pen-
toses, weights of the pentoses can be converted to xylan or araban by mul-
tiplying by the factor 
C"H8 0 4 132 l l CsHioOs - 150 or, xy an= xy ose (0.88) 
araban = arabinose (0.88). 
In analysis of plant materials where the type of sugar is not known 
it is common practice to report the average of values calculated as arabinose 
and xylose as pentoses and the average of araban and xylan as pentosan. 
Determinations were carried out upon samples of two xylan prepara-
tions and upon samples of beet pulp and ground artichoke tubers by Kro-
ber 's method and by distillation from 20 per cent HCl. The results ob-
tained are shown in table 8. 
TABLE 8. Comparison of pentosan determinations by Krober's method 
with the proposed method 
Material 
Xylan A 
Xylan B 
Beet pulp 
Artichoke tubers 
Krober 's method 
81. 76 per cent xylan 
75.67 " " 
19.04 " pentosan 
4.15 " " 
Authors' method 
82.4 per cent xylan 
75.55 " " 
19.07 '' pentosan 
4.36 " ,, 
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DISCUSSION 
No attempt at a final solution of the problem of pentose determinations 
in complex mixtures is claimed by the present presentation, and the method 
is empirical as any method must be which cannot rest upon 100 per cent 
conversion. Kline and Acree and other workers have suggested the desir-
ability of attacking the problem from the point of obtaining theoretical 
conversion and attempting to determine the conditions under which such 
results might be attained. Hurd and Isenhour, (3), however, studying 
pentose conversion by HCl and H 2S04 found that the change of xylose to 
furfural followed the unimolecular law, and that the rate of conversion 
could be represented by straight line functions in keeping with the unimol-
ecular equation. As the time increased, though, the furfural yields showed 
a tendency to decrease and the straight line functions became curved, which 
would suggest that 100 per cent conversion by ordinary acid distillation 
will be impossible to obtain. 
It is obvious that steam distillation from dilute acid until exhaustion 
of furfural, would have certain advantages over the shorter method as 
given here. We believe, however, that any such advantages are more than 
off-set by the much greater dilution of the furfural solution resulting from 
steam distillation and the consequent inaccuracies resulting in its deter-
mination. 
In addition, we are still confronted with the inaccuracies involved in 
the production of furfural and methyl furfural from other constituents of 
plant materials by such distillations. Rimbach (12) found that sucrose 
gave 1.15 per cent calculated as pentosan, potato starch 0.84 per cent and 
Swedish filter paper 1.45 per cent. Davis and Sawyer (2) corroborated these 
results, but suggested that the error would be significant only when hexoses 
were present in considerably greater quantities than the pentoses. They 
showed that when 0.01 gm. of pure arabinose was mixed with 25 times its 
weight of sucrose ( 0.25 gm.), the result was 20 per cent too high. As a 
consequence of these results, Spoehr (11) and Davis and Sawyer, rec-
ommended removal of the hexoses by fermentation and determination of 
the pentoses remaining after removal of the fermentation products for exact 
results. However, due to the obvious difficulties involved, the method has 
not come into general use. 
In view of these difficulties, Noll and Belz (7) have suggested that the 
results obtained by following a specific procedure be reported as the fur-
fural number of the material under consideration. With the above diffi-
culties in mind, though, it makes little difference whether results are re-
ported as pentoses or pentosans or as a furfural number and in any case, 
interpretation of analytical data must take into consideration possible 
sources of furfural or related compounds which may influence the determin-
ation and give quantities of furfural in excess of that actually obtained 
from the pentose constituents. 
CONCLUSIONS 
A method is given for the determination of furfural-yielding constit-
uents of plant materials based on rapid distillation from 20 per cent HCl 
followed by determination of the resulting furfural solution by precipita-
tion with 2,4-dinitrophenylhydrazine. 
Furfural determinations by precipitation have been compared with 
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those obtained by the bromide-bromate titration of Powell and Whittaker 
and shown to give the same results. 
Comparisons of the results obtained in determinations upon xylan 
preparations and plant materials by this method and by Krober's method 
are given and show close agreement. 
Advantages claimed for the method as developed, over Krober's method 
are: 
1. The distillation requires much less attention and the time of dis-
tillation is shortened from two hours to one hour. 
2. Precipitation is complete and no factor is needed to correct for the 
solubility of the hydrazone. 
3. Precipitation with 2,4-dinitrophenylhydrazine is complete in two 
to three hours, while fourteen hours are required for precipitation with 
phloroglucinol. 
4. The precipitate is readily dried at 100°C. in one hour, while drying 
of the phloroglucid requires four hours. 
5. The precipitate is not hygroscopic and does not require use of 
weighing bottle as does the phloroglucid. 
6. The cost of 2,4-dinitrophenylhdrazine is neglible as compared with 
phloroglucinol. 
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The migration of both motile and non-motile bacteria through liquid 
dairy products, such as milk, is evident from the usual laboratory cultures. 
Although the oxygen requirements of some species largely limit their growth 
to a certain portion of a culture, many others quickly spread through all 
of the medium available; for example, in milk at a favorable temperature, 
Streptococcus lactis is soon widely distributed regardless of the portion of 
the milk that was inoculated. 
From the standpoint of the growth of microorganisms in it, butter pre-
sents conditions that are distinctly different from those in milk. The quan-
titative relationships of the water and fat in the two products are very 
different and during the preparation of butter the physical condition of the 
fat is greatly changed. Regardless of which one of the more plausible 
theories of the constitution of butter is accepted, the rapid distribution of 
bacteria through it would not be expected. 
In the studies carried out at the Iowa Agricultural Experiment Station 
on the effect of various bacteria on the flavor and aroma of butter when the 
organisms are added to the cream from which the butter is churned, the 
usual procedure has been to remove portions of the butter, for organoleptic 
tests, with a clean but unsterilized spatula; the assumption has been that if 
only a few bacteria are added to the butter they will have no effect on the 
subsequent changes in the product. This procedure seemed to be satisfac-
tory until, in one trial, an organism that was unexpected was found in a lot 
of experimental butter when it was examined bacteriologically. The pre-
vious treatment of the butter was such that the contaminating organism 
could have been carried to it from another lot by a common spatula. A 
second examination of the butter confirmed the presence of the organism 
since it was found in larger numbers than in the first examination. The 
results led to a study of the migration of bacteria through butter and the 
data obtained are reported herein. 
METHODS 
The butter used was regularly unsalted because of the restraining ac-
tion of salt on the bacteria usually present in butter. Some of the butter 
was secured from commercial churnings but most of it was churned in the 
laboratory since, with such butter, contamination can be controlled more 
completely than under commercial conditions, and small lots of butter can 
be inoculated by adding an organism to the cream. For the butter churned 
in the laboratory the cream was either pasteurized or sterilized in a large 
i !ournal Paper No. B.111 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
ProJeCt No. 113. 
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flask and then poured into sterile, quart, glass jars; the churning was 
carried out in a small experimental churn in which the jars of cream are 
turned end over end. The butter was washed with sterile water and 
worked in a sterile dish with a sterile paddle. In some instances poorly 
worked and well worked butter were compared, the poorly worked sample 
being taken when the working of a lot of butter was about half completed 
and the well worked sample when the working was finished. 
When a small lot of inoculated butter was prepared by adding an 
organism to the cream, butter color or Nile-blue sulphate was commonly 
added to the cream so that there would be a conspicuouil difference in color 
between the butter originally containing the organism and that which did 
not. The amounts of Nile-blue sulphate used were so small that bacterial 
development did not appear to be inhibited. 
Most of the trials were carried out at approximately 21°C. because 
of the very rapid growth at this temperature of many of the organisms 
commonly present in dairy products, but in some instances about 5°C. was 
u'sed in order to simulate commercial holding conditions. 
The presence of the inoculated bacteria at various points in the butter 
was sometimes determined by culturing on agar slopes, and sometimes by 
adding a small amount of the butter to a tube of agar that had been melted 
and cooled to about 40°C. and then pouring the agar into a petri dish. 
With the latter procedure a general idea of the numbers of organisms in 
the butter could be secured more satisfactorily than with the former. In 
the trials with Streptococciis lactis, cultures were made also in litmus milk. 
When butter from a given point was taken for a culture, both surface and 
subsurface material was included so that the bacteria would be secured 
whether they were migrating along the surface or through the butter. 
In each trial, cultures were made at various times over an extended 
period so that if migration occurred it would be detected, regardless of the 
time required. 
The bacteria used were of various types and were selected largely on 
the basis of the ease with which they could be identified when recovered 
from butter. Most of the cultures were isolated from cream or butter al-
though two (Serratia marcescens and Pseudomonas graveolens) were secured 
from culture collections. Except for Streptococcus lactis and one of the 
fluorescent types, all of the organisms were motile and a number of them 
were lipolytic. A few of the organisms used were not definitely identified: 
the identified organisms are Achromobacter lipolyticum,· Pseudomonas 
fluorescens; Pseudomonas fragi; Pseudomonas graveolens; Pseudomonas 
schuylkilliensis; Pseiidomonas synxantha; Serratia marcescens; Strep-
tococciis lactis. 
EXPERIMENTAL 
The migration studies can be divided conveniently into two parts, (a) 
the trials in which the butter was inoculated directly from an agar or milk 
culture, and (b) the trials in which a small portion of the butter was in-
oculated by adding the organism to the cream from which it was churned. 
(a) TRIALS IN WHICH THE BUTTER WAS INOCULATED DIRECTLY FROM 
AN AGAR OR MILK CULTURE 
The trials involving the direct inoculation of butter from an agar or 
milk culture were carried out in various types of containers, especially 
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petri dishes and glass cylinders. A small amount of material from an agar 
or milk culture was transferred to the butter with a needle or loop and 
mixed into the butter (with the needle or loop) over a small area to a depth 
of about 0.25 inch; commonly the area involved was definitely indicated 
by a shallow mark on the surface of the butter. Cultures taken from an 
area of inoculation at various times usually showed many organisms of the 
type inoculated, although occasionally with a long holding period the 
number was comparatively small. The studies in progress at the Iowa Ag-
ricultural Experiment Station suggest that in butter which becomes rancid 
through the action of bacteria there may be a rather rapid decrease in the 
bacterial content. 
Petri dish trials. In the petri dish trials the butter was regularly 
packed into the dishes with enough space between it and the cover of the 
dish to be certain the two would not touch. The butter was inoculated near 
the center of the surface. 
In most of the trials the cultures taken outside the inoculated area in-
dicated that there was no movement of the bacteria from this area. Oc-
casionally a very few organisms of the added species were secured from a 
point near the inoculation, but commonly cultures taken within 0.25 inch 
of the inoculated area, as well as at greater distances, failed to show any 
evidence of migration. In the few instances in which migration occurred, 
poorly worked butter was involved more frequently than well worked 
butter. 
A number of the trials were carried out with the butter held at about 
5°C.; none of them gave any evidence that the added organisms were out-
side the area of inoculation. 
The results of the petri dish trials indicate that the migration of bac-
teria added to butter from agar or milk cultures is uncommon but may 
occur occasionally, especially in poorly worked butter. 
G"lass cylinder trials. In the glass cylinder trials the butter was 
packed into a cylinder as solidly as possible, enough space being left at each 
end of the cylinder so that a cotton stopper or cork could be inserted. The 
depth of the butter varied with the size of the cylinder; with small cylinders 
the depth was approximately two inches while with larger ones it was ap-
proximately four inches. One end of the mass of butter was inoculated 
over a small area next to the glass, care being taken that the organisms 
were definitely brought into contact with the glass. The butter was cultured 
principally at the other end of the mass, both next to the glass and away 
from it. 
The cultures taken along the wall at the end opposite the one inoculated 
fre<iuently showed the added organisms but in some instances were negative; 
in a number of the trials the bacteria were found in rather large numbers. 
Cultures taken 0.25 inch from the wall at the end opposite the one inoculated 
were regularly negative, even when considerable numbers of organisms were 
secured along the wall. The migration along the wall of a cylinder occurred 
with both motile and non-motile species. 
From the results of the glass cylinder trials it is evident that bacteria 
may migrate extensively along the wall of a container in which butter is 
packed. 
Trials with prints of butter. A few trials were carried out with prints 
of butter wrapped in parchment. The butter was inoculated by folding 
back the parchment, adding the culture and then replacing the paper. 
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When the surface of the butter was dry at the time of inoculation, or 
dried out very quickly, the added organisms could not be secured outside 
the inoculated area, even if the cultures were taken within 0.25 inch of it. 
In the trials in which moisture was held between the butter and paper for 
some days after the inoculation, cultures taken at a considerable distance 
from the inoculated area sometimes showed the added organism; the great-
est distance an organism was found to have migrated was about two inches. 
Migration occurred with both motile and non-motile species. The import-
ance of moisture along the surface of butter, from the standpoint of the 
movement of bacteria, was clearly shown in a few trials in which moisture 
extended in one direction from the inoculated area but not in another; 
where moisture was present the added organism commonly could be secured 
at a considerable distance from the inoculation, while where no moisture 
was present it could not. 
The data obtained in the trials with prints of butter suggest that or-
ganisms may migrate along the surface of butter when it is kept moist with 
a parchment but do not when it is dry. 
Trials in which butter in a ja1· was covered with parchment. The re-
sults secured with prints of butter suggested trials in which butter, in small 
jars, was inoculated at the center of the surface and then covered with 
parchment. Each trial involved two jars of butter, a dry parchment being 
used for one of them and a wet parchment for the other. 
Cultures showed that with the dry parchment the organisms were not 
present outside the area of inoculation, while with the wet parchment they 
were present out to the edge of the parchment in all the trials. Migration 
of the organisms occurred with both motile and non-motile species. 
The trials in which butter in a jar was covered with parchment indi-
cate that bacteria may migrate along the surface when the paper is moist. 
Trials in which butter in a jar was inoculated through a test tube im-
bedded in it. In several instances a test tube was imbedded in a jar of 
freshly churned butter so that it reached nearly to the bottom of the jar. 
The bottom of the tube was then broken with a glass rod and material from 
an agar or milk culture was mixed with the butter through the opening 
in the tube, an attempt being made to get the organisms next to the bottom 
of the jar. Cultures were taken only at the surface of the butter. 
In a number of trials the inoculated organism was secured at the sur-
face of the butter in cultures taken along the wall of the test tube but only 
when the test tube was firmly in contact with the butter. Frequently a 
space developed rather quickly between the butter and the test tube, due 
presumably to the loss of water from the butter, and in these instances the 
organism was not secured at the surface. When the organism was secured 
along the wall of the tube, it could not be secured 0.25 inch from the wall. 
The organism inoculated was never obtained at the surface of the butter 
along the wall of the jar. 
The results of the trials in which butter in a jar was inoculated near 
the bottom through a test tube imbedded in it show that bacteria may mi-
grate to the surface along the wall of the tube, provided the tube is firmly 
in contact with the butter. 
(b) TRIALS IN WHICH A SMALL PORTION OF THE BUTI'ER WAS INOCULATED BY 
ADDING THE ORGANISM TO THE CREAM FROM WffiCH IT WAS CHURNED 
In the trials in which a small portion of the butter was inoculated by 
adding an organism to the cream from which it was churned, the inoculated 
MIGRATION OF BACTERIA THROUGH BUTTER 457 
butter was placed in contact with the uninoculated in various ways. The 
inoculated butter commonly showed large numbers of the organism added 
to the cream although, occasionally, with long holding periods the numbers 
were comparatively small. 
Contact through a small opening in a glass plate. The glass plates 
were about 3 x 4 inches and the opening in each was round with a diameter 
of 0.6 inch. After sterilization of a plate and the other equipment neces-
sary to complete a set-up, inoculated butter was packed on one side of the 
plate and uninoculated butter on the other, the two being in contact through 
the opening in the plate. In some of the trials the plate was placed on edge 
in a beaker covered with a petri dish; there was a small amount of moist 
cotton in the bottom of the beaker. Since this arrangement does not ex-
clude direct contact between the two pieces of butter through the air, a 
somewhat different set-up was also used. A half-pint milk bottle was cut 
into two parts about 1.5 inches from the bottom and the cut surfaces ground 
smooth with emery dust on a flat piece of glass. The glass plate with the 
butter in position was so placed that the inoculated butter was in the lower 
half of the bottle and the uninoculated butter was then covered with the 
upper part of the bottle. The parts of the bottle were sealed to the plate 
with vaseline or sealing wax. Moist cotton was used in the bottom of the 
bottle, the mouth of the bottle was cotton stoppered, and the cotton was 
covered with a beaker. 
The added organism was secured from the uninoculated butter in some 
of the trials but not in others. The set-ups were not satisfactory because 
the exposure of the butter during the time it was being put in position on 
the plates rather frequently resulted in contamination with molds and it 
appeared that penetration of the butter by the myceliuro favored the mi-
gration of bacteria through the butter. The growth of molds on the butter 
in the beakers and on the inoculated butter in the bottles undoubtedly was 
favored by the high humidity resulting from the moist cotton. 
Contact throttgh a small opening in a parchment. Contact through an 
opening in a parchment was arranged by packing the bottom of a petri dish 
full of inoculated butter, covering this with a piece of parchment through 
which a round hole about 0.5 inch in diameter had been cut, and then in-
verting another petri dish bottom that had been packed full of uninoculated 
butter over the first. Both the inoculated and uninoculated butter were 
firmly against the paper. The uninoculated butter was examined by lifting 
the dish containing it and making cultures from various points which were 
selected so that the organism could not have gotten to them by direct con-
tact with the inoculated butter. 
The cultures of the uninoculated butter regularly failed to show the 
organism added to the cream from which the inoculated butter was churned. 
In the trials involving the contact of inoculated and uninoculated 
butter through an opening in a parchment, no evidence of the migration of 
bacteria to the uninoculated butter was secured. 
Contact in prints. A print of uninoculated butter was prepared and 
then a layer of inoculated butter put over one end. The preparation was 
kept wrapped in a dry parchment. 
The cultures of the uninoculated butter were negative, even when they 
were taken within 0.25 inch of the inoculated butter. 
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The trials in which inoculated and uninoculated butter were in contact 
in prints indicate that there was no migration of bacteria from the in-
oculated butter to the uninoculated. 
Contact in cylinders or jars. A layer of inoculated butter about two 
inches thick was put into a cylinder or jar and then covered with a layer 
of uninoculated butter from about two to about four inches thick; with the 
cylinders the uninoculated butter was added through the end not used for 
the inoculated butter in order to exclude the possibility of contaminating 
the uninoculated butter with inoculated butter accidentally left on the 
wall of the cylinder. The uninoculated butter was cultured at the surface, 
both next to the wall of the container and away from it. 
In most of the trials the organism in the inoculated butter was not 
found in the uninoculated butter; however, in two instances, one with a 
cylinder and one with a jar, the added organism was secured from the un-
inoculated butter along the wall of the container but not away from it. 
The results of the trials in which inoculated and uninoculated butter 
were in contact in glass cylinders or jars suggest that bacteria do not mi-
grate through butter but may migrate along the wall of the container. 
Contact in petri dishes or jars. Petri dishes or jars were filled with 
the uninoculated butter, a hole about one inch in diameter was made with a 
sterile cork borer down through the butter near the center of the container, 
and the hole packed full of inoculated butter, care being taken that the 
butter did not touch the cover of the dish or jar. In a few trials the covers 
were left off the prepared petri dishes and some of the dishes held in a 
humidor while the others were held in a glass container that did not have 
any provision for keeping the moisture content of the air high. 
The cultures of the uninoculated butter regularly failed to show the 
organism present in the inoculated butter, even when they were taken with-
in 0.25 inch of the inoculated material. Holding uncovered dishes of the 
butter in a humidor had no effect on the results obtained. 
In the trials in which inoculated and uninoculated butter were in con-
tact in petri dishes or jars, no evidence of the migration of bacteria to the 
uninoculated butter was secured. 
DISCUSSION OF RESULTS 
The butter studied was unusually satisfactory for the growth of bac-
teria since it was made without salt and was held at temperatures that were 
suitable for the growth of many of the organisms common in dairy products. 
The failure of bacteria to migrate regularly through butter under these 
conditions indicates that butter offers considerable resistance to penetration 
by bacteria. Since bacteria migrated so readily through water held at the 
surface of butter by a parchment, it is evident that when a film or channel 
of water is formed the migration of bacteria is greatly favored. The mi-
gration of bacteria along the walls of containers presumably was due to 
the collection of water there, and in the few instances in which migration 
through butter occurred, water channels probably were involved. 
Presumably, poorly worked butter contains more water channels than 
well worked butter and this probably explains the more frequent migration 
of bacteria through poorly worked butter in the few instances in which 
migration occurred. Because of the rapid migration of bacteria through 
water, the workmanship of butter evidently has an influence on the move-
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ment of orgallisms through this product. King (2) has emphasized that 
such factors as washing, salting and especially working influence the collec-
tion of water in butter. This investigator has also pointed out that the 
water in butter comes from various sources, such as the cream, the water 
used for washing the butter, and the water added in establishing the desired 
composition; the source of water collecting at different points in butter 
may also be a factor in the migration of organisms because of the variations 
in the nutrients contained. 
The migration of bacteria through butter is undoubtedly favored by 
the development of molds in the product. The growth of the mycelium 
through the butter opens up channels that favor the collection of water 
and these in turn favor the migration of bacteria. The effect of mold 
growth on the flavor and aroma of butter is usually so pronounced that it 
would ordinarily overshadow the action of bacteria. 
The general results obtained indicate that unless there is water at the 
surface of butter the action of organisms with which butter is contaminated 
is largely limited to the points at which they are added. Apparently ex-
tensive bacteriological deterioration throughout a piece of butter is not 
likely to be caused by contamination of the finished butter but follows a 
wide distribution of organisms through the butter as a result of their pres-
ence in the cream. In this connection it should be recognized that the 
organisms coming from a churn are added to the cream primarily and that 
some of them are then retained in the butter; the strain thrown on a churn 
at the time butter is worked, however, may result in organisms being forced 
from cracks and crevices in which they were previously protected. 
The migration of bacteria through water held between butter and a 
parchment shows that these organisms may sometimes spread over the sur-
face of butter. Undoubtedly a comparable migration may occur between 
butter and a tub liner. Such a migration of organisms may be a factor in 
the development of objectionable flavors at the surface of butter. 
It should be recognized that without any migration of bacteria there 
may be a large increase in the numbers per cubic centimeter of butter. The 
organisms that encounter favorable conditions may multiply and the de-
scendents remain in the portion of water in which the growth began. Nel-
son and Hammer (3) noted the development of unusually long chains of 
butter culture organisms in unsalted butter held at temperatures favorable 
for growth, and it seems probable that the long chains were due to the 
organisms being held in the small portions of moisture that supported the 
growth. 
The results obtained in the studies of the migration of bacteria through 
butter are of significance in a consideration of the physical constitution of 
butter. The failure of the organisms to migrate regularly in unsalted 
butter held at favorable temperatures suggests that water is not the con-
tinuous phase. Unpublished results secured at the Iowa Agricultural Ex-
periment Station show that both motile and non-motile organisms, which 
grow well in milk, readily migrate through very rich cream so that when 
water is the continuous phase migration occurs even with a very high fat 
content. The observations on the migration of bacteria in butter are of 
interest in connection with the observations of Rahn and Boysen ( 4), who 
concluded that a considerable portion of the moisture of cream becomes 
sterile during churning by being divided into tiny droplets, and also the 
results of Hammer and Hussong (1) in which it was noted that in unsalted 
butter held at either 7° or 21°C. the multiplication of bacteria was more 
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rapid when the serum was separated from the fat than when the butter 
was in a normal physical condition. 
SUMMARY 
In the trials carried out, the migration of bacteria through unsalted 
butter, held at temperatures favorable for growth, was uncommon. This 
was the case both when the organisms were added from an agar or milk 
culture and when butter, that had been inoculated by adding organisms to 
the cream from which it was churned, was placed in contact with un-
inoculated butter. In the few instances in which migration occurred, poor-
ly worked butter was involved more frequently than well worked butter. 
The distances bacteria migrated through butter were always comparatively 
small. Bacteria sometimes migrated extensively along the wall of a con-
tainer in which butter was packed and also through water held at the sur-
face of butter by a parchment. 
Because of the comparatively rapid migration of organisms through 
water at the surface of the butter, it seems probable (a) that extensive 
migration along the wall of a container of butter was due to the collection 
of water there, and (b) that migration through butter was largely or en-
tirely due to water channels in the product. 
Poorly worked butter presumably contains more water channels than 
well worked butter and also more often permits the collection of water at 
the surface, so that the workmanship of butter is apparently a factor in 
the migration of bacteria through it or along its surface. 
It should be noted that the trials involved unsalted butter held at 
temperatures comparatively favorable for the growth of the bacteria added. 
When there is little or no growth of bacteria in butter, because of the salt 
concentration or the holding temperature, the migration of bacteria through 
butter or along the surface is improbable. 
The failure of various bacteria to migrate regularly through unsalted 
butter held at temperatures favorable for growth is of interest from the 
standpoint of a consideration of the physical constitution of butter. It 
definitely suggests that water is not the continuous phase since various 
bacteria readily migrate through cream having a very high fat content. 
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The interest in the utilization of alcohol-gasoline blends as motor fuel 
has raised many questions as to the physical-chemical properties of such 
blends, as well as to the value of the blends as a fuel. Among the questions 
raised is that of the water-holding capacity of blends of gasoline with va-
rious proportions of anhydrous alcohol. There have been reported no dif-
ficulties in separation due to water absorption during extensive use in 
Sweden and Germany when temperatures reach low levels. However, the 
concentrations of alcohol used in these blends is from 20-30 per cent. It 
is necessary to know accurately the water-holding capacity of alcohol-gas-
oline blends for lower concentrations of alcohol. The data in the literature 
available do not deal with alcohol concentrations less than 10 per cent. 
This communication deals with data on the water-holding capacity of al-
cohol-gasoline blends containing as little as 1 per cent alcohol. 
Preliminary studies indicated that the water-holding capacity of al-
cohol-gasoline blends is a function of the alcohol content, the temperature, 
and the character of the gasoline. The data given by Hubendick (1925) 
show the influence of these factors. Of the three factors, the character of 
the gasoline is of the least importance. It is supposed that the presence of 
unsaturated or aromatic constituents in the gasoline enhances its ability to 
mix with aqueous alcohol, that is, increases the water-holding capacity. 
Supposedly the worst gasoline, from the standpoint of miscibility with 
aqueous alcohol is one consisting mainly of straight chain saturated hydro-
carbons. 
In the work here reported, 011e gasoline was used, the properties of 
which are described later. Work is now in progress upon the influence of 
the composition of the gasoline and upon the influence of materials, such 
as the higher alcohols, upon the water-holding capacity of alcohol-gasoline 
blends. 
EXPERIMENTAL METHODS 
The alcohol was dried over lime and carefully distilled. Freedom from 
water was shown by testing with potassium permanganate and with anhy-
drous copper sulfate. The gasoline used was a representative mid-continent 
gasoline purchased locally and dried over calcium chloride. The Hanus 
number was 0.43 and the sulfuric acid soluble fraction was 25 per cent. 
The initial boiling point was l00°F. and the final 400°F. 
Four alcohol-water mixtures were prepared, the water content being 
4, 3, 2, and 1 per cent and the fifth preparation was 100 per cent alcohol. 
Mixtures of these alcohols and the above gasoline were then prepared, these 
mixtures containing 1, 2, 4, 6, 8, 10, 15, 20, 30, and 50 per cent alcohol or 
alcohol plus water. Samples of these several alcohol blends were then cooled 
until clouding appeared and were then warmed slowly until clear. The 
temperature at which tile blend showed the first trace of turbidity was 
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measured and these results are shown in table 1. It was observed that 
noticeable separation did not occur until the temperature was lowered 6 or 
8 degrees below those recorded. The endpoint was usually quite sharp, 
especially when the alcohol content of the blend was more than 4 per cent. 
'I'hroughout this report all percentages are by volume. The data are 
given in table 1. 
TABLE 1. Water-holding oapaaity of aleolwl-gasolme blends 
100 per cent Ethanol Water Gasoline Temperature at which 
cc. 190 cc. blend cc. 100 cc. blend cc. 100 cc. blend turbidity appears C. • 
1.00 Nil 99.00 Below -60 
0.99 0.01 99.00 -30 
0.98 0.02 99.00 +1 
0.97 0.03 99.00 +8 
0.96 0.04 99.00 +14 
2.00 Nil 98.00 Below -60 
1.98 0.02 98.00 
-30 
1.96 0.04 98.00 0 
1.94 0.06 98.00 +19 
1.92 0.08 98.00 +25 
4.00 Nil 96.00 Below -60 
3.96 0.04 96.00 
-25 
3.92 0.08 96.00 +3 
3.88 0.12 96.00 +24 
3.84 0.16 96.00 +26 
6.00 Nil 94.00 Below -60 
5.94 0.06 94.00 
-26 
5.88 0.12 94.00 +2 
5.82 0.18 94.00 +23 
5.76 0.24 94.00 +25 
8.00 Nil 92.00 Below -60 
7.92 0.08 92.00 
-25 
7.84 0.16 92.00 +1 
7.76 0.24 92.00 +19 
7.68 0.32 92.00 +28 
10.00 Nil 90.00 Below -60 ' 
9.90 0.10 90.00 
-24 
9.80 0.20 90.00 -1 
9.70 0.30 90.00 +18 
9.60 0.40 90.00 +27 
15.00 Nil · 85.00 Below -60 
14.85 0.15 85.00 
-25 
14.70 0.30 85.00 -4 
14.55 0.45 85.00 +14 
14.40 0.60 85.00 +24 
20.00 Nil 80.00 Below -60 
19.80 0.20 80.00 
-30 
19.60 0.40 80.00 -10 
19.40 0.60 80.00 +s 
19.20 0.80 80.00 +21 
30.00 Nil 70.00 Below -60 
29.70 0.30 70.00 -35 
29.40 0.60 70.00 -14 
29.10 0.90 70.00 +2 
28.80 1.20 70.00 +17 
50.00 Nil 50.00 Below -60 
49.50 0.50 50.00 -46 
49.00 1.00 50.00 -23 
48.50 1.50 50.00 -6 
48.00 2.00 50.00 -8 
., 
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The data of table 1 were recalculated to the basis of anhydrous alcohol 
content. In analyzing these figures, it was found that the following relation 
holds: 
(1) log (W x 102 ) = 1.27 log a + log b 
in which W =cc. of water required per 100 cc. of the blend at alcohol con-
centration a to produce turbidity. Log b = the log W for a = 1. The 
equation shows that at any temperature the water-holding capacity varies 
as the alcohol concentration to the 1.27 power. 
The values of log b and b for various temperatures a.re given in table 2. 
TABLE 2. Values of log b (see eq. (1)) for vOffi°™ tempertures 
t• Log b b 
-40 -0.48 0.33 
-30 -0.26 0.55 
-20 -0.12 0.76 
-10 0.0 1.00 
0 0.10 1.32 
+10 0.22 1.66 
+20 0.27 1.86 
+25 0.30 2.00 
A graph (figure 1) of b against t 0 gives a linear relationship such 
that, (2) b = 0.027 t0 + 1.33 
combining equations (1) and (2) (3) log (W x 102 ) = 1.27 log a + log 
(0.027 t 0 + 1.33) 
The use of equation (3) permits the calculation of the water-holding 
capacity of any alcohol blend up to 50 per cent alcohol at temperatures 
from -40° to +20°. 
In table 3, are given data for the water-holding capacity of 1, 2, 5, 10, 
15, and 20 per cent alcohol-gasoline blends for various temperatures, cal-
culated by eq. (3). 
TABLE 3. Water-holditng capacity of variio-u.s alcohol-gasoline blends, caloulated 
by eq. (3) 
Cone. ale. 1 2 5 10 15 20 
T°C. 
-40 0.003 0.007 0.022 0.053 0.089 0.126 
-30 0.005 0.012 0.042 0.100 0.170 0.240 
-20 0.008 O.Q18 0.062 0.150 0.251 0.355 
-10 0.011 0.024 0.081 0.195 0.331 0.468 
±0 0.013 0.030 0.102 0.245 0.417 0.589 
+10 0.016 0.036 0.123 0.295 0.501 0.708 
+20 0.019 0.043 0.145 0.347 0.589 0.832 
+25 0.020 0.046 0.155 0.371 0.631 0.891 
The data from table 3, are plotted on the graph in figure 1. The linear 
relationship is at once evident, that is, 
(4) W=nt0 +q 
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The values 0£ n and q for various temperatures are given in table 4. 
27' 
Ilk oho/ 
I o 
-:to -10 0 .. ,0 
Te mpert1 tu re °C. 
Fig. 1. The water-holding capacity of alcohol blends. 
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TABLE 4. Values of n amd of q for eq. (4) 
Cone. alcohol n x 102 q x 102 
1 0.0263 0.013 
2 0.063 0.030 
5 0.205 0.102 
10 0.490 0.245 
15 0.833 0.417 
20 1.18 0.589 
AN ANALYSIS OF DAT.Ai OBTAINED BY PREVIOUS AUTHORS 
Hubendick, (1925). The data show the following relationship, 
(5) log (W x 102 ) = 1.43 log a =log (0.0120 t 0 + 0.60) 
That is, while the water-holding capacity increases more rapidly with 
alcohol content than for our data, the value of log b is less and the water-
holding capacity does not increase so rapidly with rise in temperature. 
While the water-holding capacity is less at higher temperature, the dif-
ference is slight at low temperatures. 
It is evident that the values of n and log b in the equation 
(6) log (W x 102 ) = n log a + log b 
will prove valuable in characterizing various gasolines as to water-holding 
capacity with alcohol and also with various blending agents. This author 
cites experiments by Ekstrom for various gasolines. Curves are presented 
for -30°C showing a division of gasolines into two groups, one group stable 
at 98.1-98.3 per cent alcohol and the other group stable at 98.6-98.7 per 
cent. The gasoline used by us belongs to the latter group. 
Sparrow, (1925) These data for 15 per cent alcohol at temperatures 
of -40° to +20° are identical with those obtained by us. He used an avia-
tion gasoline which had met all government specifications. 
Spausta, 1932. These data are for 20° only. His values correspond 
exactly with those obtained by us through the range of alcohol concentra-
tions coincident with ours. 
SUMMARY AND CONCLUSIONS 
The water-holding capacity of alcohol-gasoline blends has been de-
termined for a wide range of temperatures. A general relationship has 
been formed between the water-holding capacity and concentration of al-
cohol as, 
log (W x 102 ) = m log a + log (nt0 + q) = m log a + log b. 
The values of m and log b are characteristic of a given gasoline. For a 
given concentration of alcohol, the water-holding capacity is a linear func-
tion of the temperature. 
Reports of the water accumulation in bulk storage tanks both in Iowa 
and in other states in the course of a year, have never exceeded 10 gallons 
of water £or a 10,000 gallon tank. In larger tanks, of about 50,000 gallons 
capacity, accumulations have been claimed of 20 gallons per year. It is 
safe to assume that such tanks are emptied and filled ten times per year. 
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That is, the water absorbed will be about 0.01 per cent by volume of the 
fuel which passes thru them. This amount of water will raise the separation 
temperature of a 10 per cent blend about 2°C. Such a change is of very 
little significance. 
In this consideration it has been assumed that the blend will absorb 
water no more rapidly than will gasoline. This should be practically the 
case, since the water accumulation results from tank breathing and con-
densation of the moisture thus introduced into the tank. Experiments are 
now in progress to test this assumption and will be reported in a later 
paper. If such alcohol blends are allowed to stand for one year they might 
absorb 0.1 per cent of water. This would raise the separation temperature 
of a 10 per cent blend about 20°, of a 5 per cent blend about 35° and of a 
2 per cent blend over 120°. Such long storage is of course quite unusual. 
Blends prepared with commercial gasoline and commercial anhydrous al-
cohol show separation temperatures of -50 to -60°C. due to small amounts 
of water found in the gasoline and in the alcohol. It is evident from the 
above consideration, that a 10 per cent blend will remain miscible at the 
lowest winter temperatures even if stored for as long as one year. On the 
other hand, storage of 2-5 per cent blends should be limited to about one 
month in severe winter weather. 
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The study of pectins was initiated by Braconnot ( 4) in 1825, when he 
published the description of a gelatinous substance which he had discovered 
in vegetable tissue and called pectic acid. Following this, many investiga-
tors became interested in Braconnot's gelatinous substance and a large 
amount of work was soon published. 
Pectins are described by Carre ( 6) as "gelatinous colloidal substances 
of carbohydrate nature, occurring as a constituent of the cell-wall of plant 
tissue, particularly of fruits and certain roots such as turnips and carrots.'' 
They are classified with the group of substances known as the hydrophilic 
colloids and are assigned the role of a cementing material between the cell-
walls of plant tissue. ./ 
Within recent years the significance of the pectic compounds in rela- /~ 
tion to the processes of plant life have been widely studied. As a result of 
studies of the pectins occurring in several fruits, Emmett ( 10), Carre ( 6), 
Norris (18) and others have established the fact that there is an association 
between the rate of pectin decomposition and the keeping qualities of fruits. 
It has been pointed out that there is a normal decomposition of pectin taking 
place within fruit from the time it ripens until its final breakdown. The 
rate of this decomposition has been found to be directly related to tem-
perature. 
Thus the rate of pectic decomposition within fruit has come to be re-
garded as an indicator of the metabolic activity and as a result of the 
longevity of the fruit. Therefore, a knowledge of the rate of pectic change 
in fruit is of fundamental importance in storage studies. In considering 
the problem of the storage of fresh tomatoes, then, the question naturally 
arises as to whether or not the pectic substances of the tomato behave as do 
the pectins of other fruits. What effect does temperature have on the pec-
tins of the tomato, and just how much relation is there between the pectic 
changes and the keeping qualities of tomatoes? It is the purpose of this 
work to follow the pectic changes of tomatoes held at different storage tem-
peratures in an effort to answer some of these questions, and to obtain some 
fundamental knowledge which may be of value in future studies of methods 
whereby the storage period of fresh tomatoes might be prolonged. Such a 
study is desirable, since no work of this type has been reported on tomatoes. 
REVIEW OF LITERATURE 
Much of the early work on pectins is confusing, because it deals with 
their chemical composition and technique whereby they might be extracted 
1 Journal Paper No. BIOS of the Iowa Ag1icultural Experiment Station, Ames, 
Iowa. Project No. 296. 
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from plant tissue for comparative determinations. Since Branfoot (5) 
gives a complete bibliography and critical abstract of all the work done on 
pectins previous to 1929, an extensive review will be given here. 
The first extensive work on pectins was published by Fremy (11). He 
described eight separate pectic compounds, and was the first to describe an 
insoluble pectin which he called pectose, furthermore he believed pectose 
to be the parent of the soluble forms. He considered that during the ripen-
ing of fruit pectose was decomposed to the soluble pectins by enzymes and 
acids of the cell-sap. Later, however, Bourquelot and Herissey (3) attrib-
uted this transformation entirely to the action of enzymes. 
The next discoveries of importance, as far as this work is concerned, 
were made by Mangin ( 16). He found from critical studies of the pectin 
of plant tissue that there were but three types of pectin that could be 
isolated for comparative determinations. Mangin (16) agreed with Fremy 
( 11), however, on the hypothesis that the production of pectin was an im-
portant process in the ripening of fruits and that pectose was the parent 
substance of the soluble pectins. He also stated that pectose was intimately 
associated with the cellulose of the cell-walls and that the middle lamellae 
was composed of a pectic substance in the form of a calcium or potassium 
salt. 
Carre (7) published the results of the first extensive work done on the 
pectic changes which occur in stored fruit. She found that the soluble 
pectin of apples increased with a corresponding decrease in pectose, up to 
three months in storage. After this time there occurred a decrease in all 
forms of pectin, which ended in the complete absence of pectin in the last 
stages of breakdown. It was found, however, that lower temperatures 
slowed up pectic decomposition and delayed from five to eight weeks the 
final breakdown. As had Fremy (11) and Mangin (16), Carre (7) con-
cluded that the ripening of fruit was associated with the development of 
soluble pectin in the juice. At the time of picking the amount of soluble 
pectin in apples was neglible, but as ripening proceeded the soluble pectin 
increased and the pectose decreased. This process continued until the 
apples had reached the overripe or mealy condition, when a decrease in all 
forms of pectin began. 
Further work enabled Carre and Horne ( 9) to confirm the chemical 
results with microscopical studies. These workers were able to distinguish 
the pectic structure of prepared mounts of apple tissue. A uniform layer 
of pectic material was found surrounding the cells of the apple from the 
time the fruit "set" until it reached its full size and the ripening processes 
began. This layer was thick while the apples were small but it became 
thinner as the fruit increased in size. When ripening began the pectic 
layer broke up into crescent shaped bodies, which became fewer and more 
disintegrated as ripening continued in storage and which completely dis-
appeared in the last stages of senescence. 
Sucharipa ( 19) reported work in which he was able to identify pectin 
in the juice and cell-walls of the lemon. He stated that the three major 
types of pectin occurred in layers in conjunction with the cellulose of the 
cell-walls, but that there was no clear-cut line of demarcation between the 
various pectic layers. 
From studies of the pectins of oranges, Norris (18) reported that there 
was no difference in the pectin extracted from the cell-walls and that found 
in the juice. He attributed the presence of pectin in the juice to enzymes 
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which hydrolized it from that of the cell-walls. He stated that maceration 
also increased the amount of pectin in the juice. 
Appleman and Conrad (1), working with peaches, were unable to 
identify pectic acid. However, they found a variation in soluble pectin 
corresponding to that found by Carre (7) in apples. Only slight changes 
were noted in the total pectic constituents of peaches until the fruit had 
reached the overripe stage. From this time until it completely disappeared 
in the final stages of senescence, there occurred a gradual decrease in pectin. 
As in the case of Carre (7) with apples, Appleman and Conrad (1) found 
the rate of pectic change within peaches to be directly associated with tem-
perature. The lower temperatures gave the slower pectic changes. 
Following their work on peaches Appleman and Conrad (2) studied 
the pectins of tomatoes in relation to the canned product. They found 
pectose predominating in the green fruit, with a partial hydrolysis into 
soluble pectin occuring as ripening advanced and a rapid transformation 
taking place during the latter stages of ripening when tomatoes are har-
vested for canning. A further conversion of insoluble to soluble pectin took 
place during the processing. A correlation was found between the ratio of 
pectose to pectin in the fresh fruit and the amount of distintegration of 
tomatoes in the can. Considerable variation in the percentage of pectin was 
found in the fruit of the various pickings, but little variation was found 
between varieties providing the fruit was harvested at the same time. A 
slight but consistent increase in the acidity of fresh tomatoes was noted as 
the season advanced, and also a corresponding increase in the rate of pectic 
decomposition. 
From studies of ripe tomatoes under different storage temperatures, 
1\facGillivray (15) found that the fruit lost volume and weight from the 
time it was removed from the vine. He noted also, losses in sugars, acids 
and organic constituents. The storage temperatures used were 13.9°, 27°, 
and 43°C. The higher temperatures gave the more rapid loss of the items 
listed above. 
After working with the pectic constituents of apples, Haller (13) con-
cluded that the softening of the fruit on the tree could not be entirely ac-
counted for by changes in the pectic constituents. Soluble pectin, which 
was found only in small amounts while the fruit remained on the tree, 
stayed practically constant. The softening, however, was accompanied by 
a decrease in the amount of insoluble pectin. Agreeing with Carre (7), 
Haller (13) found an association between the softening of the fruit in 
storage and an accumulation of soluble pectin. The rate of softening of the 
apples at the various temperatures was reported as proportional to the 
rate of pectic decomposition. 
From investigations of the chemical changes occurring in pears stored 
at different temperatures, Emmett (10) secured much the same results on 
the pectic changes as had Carre (7) from her apple storage studies. 
Marked differences were noted in the ripening rate of pears held at different 
temperatures. At 1°C. very little ripening of the fruit had occurred after 
six months in storage, while at 12°C. full ripeness was obtained in from 10 
to 12 days. These differences were accompanied by similar variations in 
the rate of pectic change. The increase of soluble pectin at l°C. was very 
slight, while at 12°C. the increase of soluble and the decrease of insoluble 
pectin indicated that the softening of the fruit was associated with the ac-
cumulation of soluble pectin. From his studies of the acidity of pears, 
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Emmett ( 10) believed that 
the pectic changes were due 
to the presence of acid in the 
fruit as well as to enzymes . 
Hopkins and Gourley 
(14) discovered no correla-
tion between fertilizer treat-
ments and the percentage of 
pectin in grapes. These work-
ers noted, however, a change 
of insoluble to soluble pectin 
as the grapes ripened. 
PROCEDURE 
From studies and obser-
vations, Haber (12) noted 
that tomatoes kept more sat-
isfactorily at temperatures 
above those used for pome 
fruits. As a consequence the 
temperatures selected for this 
work were 2.2°0. (36°F.), 
10°0. (50°F.) and 21.1°0. 
(70°F.) Fig. 1. Changes in pectin content of ripe and 
'' g1·een mature'' fruit occurring in 
storage at 2.2°C. 
Since it is common prac-
tice among shippers to har-
vest their fruit green, it 
seemed desirable to include in this study fruit at different degrees of ma-
turity. Thus the tomatoes were divided into three classes, based on ripe-
ness: (1) ripe fruit fully mature and in prime eating condition, (2) green-
ripe fruit full size but still green in color, except for a slight pink appear-
ing at the blossom end, and (3) green fruit full sized but still green in color 
with no pink showing anywhere. The fruit in the latter class proved dif-
ficult to select, so the 1931 sampling included only the first two classes of 
fruit. 
The tomatoes were harvested in large lots and divided into the classes 
mentioned above. Enough fruit of each class was placed in each of the 
storage temperatures to allow the taking of five samples for pectin analysis. 
The storage period extended over an interval of 42 days. 
SAMPLING 
In harvesting the tomatoes, only fruits of medium size were selected, 
weighing from 160 to 200 grams. Seven tomatoes were allowed per sample 
for pectin analysis. The first sample was taken directly from the vine and 
the others at seven day intervals from the time the fruit was placed in 
storage. 
The Globe variety of tomatoes was used for these determinations since 
it is the variety most widely used for forcing. Samples for storage and 
analysis were taken from plants grown in the greenhouse in the fall of 1930 
and again in the fall of 1931. Results secured in 1931 were similar to those 
secured in 1930, so the figures given in the following tables are those for 
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Fig. 3. Changes in pectin content of ripe and 
''green mature'' fruit occurring in 
storage at 21.l °C. 
the 1931 crop. Closer checks were secured in 1931 than in 1930 because of 
better laboratory technique. 
METHOD OF ANALYSIS 
Nanji and Norman (17) describe means of determining three individ-
ual pectic substances: ( 1) a soluble pectin extracted with distilled water, 
(2) an insoluble pectin (pectose) extracted with 0.5 per cent oxalic acid, 
and (3) a second insoluble pectin (pectic acid) extracted with 0.5 per cent 
ammonium oxalate. Check results could not be obtained with this method 
of analysis and it was discarded. Check analysis were secured with the 
method of Appleman and Conrad (2) for the determination of pectin and 
protopectin in fresh tomatoes. Their method is essentially the same as that 
of Carre and Haynes ( 8) with some slight modifications. They found that 
the calcium pectate gel obtained from samples of fresh tomatoes contained 
considerable material other than calcium pectate, so it was necessary to 
purify the gel. To the beaker containing the weighed calcium pectate and 
impurities were added 50 cc. of a two per cent solution of ammonium cit-
rate and then boiled for 45 minutes to dissolve the calcium pectate. The 
· residue obtained was dried to constant weight and this weight subtracted 
from the weight of the original calcium pectate gel. 
RESULTS 
The following tables and figures 1, 2, and 3 give the results of the 
soluble and insoluble pectin or, as Appleman and Conrad (2) stated, the 
pectin and protopectin. 
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TABLE 1. Weight of pectin in terms of ooloiwm peotate gel in 100 grams of fresh 
ripe fruit stored at t.e•c. 
Length of 
storage period Pectin Proto pectin Total 
7 days .0520 .0954 .1474 
14 .0518 .0879 .1397 
--21 
.0422 .1053 .1475 
28 .0378 .0976 .1354 
35 .0398 .0942 .1340 
TABLE 2. Weight of pectin in terms of caloi-mn peotate gel in 100 grams of fresh 
"green matwre" fruit stored at t.e•c. 
Length of 
storage period Pectin Protopectin Total 
-
7 days .0180 I .1412 .1592 
14 .0192 I .1392 .1494 
21 .0187 I .1482 .1569 
28 .0218 I_ .1453 .1671 
35 .0222 I .1380 .1602 
TABLE 3. Weight of pectin in terms of caloW.m pectate gel m 100 grams of fresl1 
ripe fruiA stored at l1.1 C. 
Length of 
storage period* Pectin Proto pectin Total 
7 days .0418 r .1053 .1471 
14 .6673-- I .0895 .1568 
--21 
.0564 I .0942 .1506 
28 .0423 I .0865 .1288 
TABLE 4. Weight of pectin in terms of calci-um pectate gel in 100 grams of fresh 
, ., green matwre" frui.t stored at e1.1°c. 
Length of 
storage period* Pectin Protopectin Total 
7 days .0214 I .1153 .1367 
14 .0458 I .0932 .1390 
21 .0626 I - .0701 .132_7 __ 
28 .0422 I .0645 .1067 
*Stored only 4 weeks because fruit decayed rapidly at this temperature. 
CHANGES IN PECTIC CONSTITUENTS OF TOMATOES IN STORAGE 473 
TABLE 5. Weight of peotin in terms of oolci-tim pectate gel in 100 grams of fresh 
ripe fruit stored at 1o•c. 
Length of 
storage period Pectin Proto pectin Total 
7 days .0418 r .0838 .1256 
14 .0382 I .0742 .1124 
21 .0468 I .0808 .1276 
28 .0562 I .0749 .1311 
35 .0587 I .0692 .1379 
42 .0582 I .0668 .1250 
TABLE 6. Weight of pectin in terms of oolcilutm peotate gel in 100 gram.a of fresh 
"greer. matW"e" fruit stored at 10°0. 
Length of I 
storage period L Pectin Proto pectin Total 
7 days I .0242 I- .1278 .1520 
14 I .0395 I .1145 .1540 
- 21 I .0482 I .1101 .1583--
--28 I .0434 I .0878 .1312 
--35 I .0564 I .082-3 .1387 
42 I .0617 I .0721 .1338 
The increase of soluble pectin and a decrease in insoluble or protopectin 
occurs most rapidly in fruits stored at 21.1°0. After the third week in 
storage at 21.1°0. the pectin as well as the protopectin, decreased, this might 
be expected since the fruits after this period were not in first-class condition. 
Fruits that were "green mature" when placed in storage at this tem-
perature ripened in less than a week and were dead ripe in two weeks. 
After the third week decay started in many fruits and, although apparently 
only sound fruits were used for analyses, this probably accounts for the 
rapid decrease in total pectin. 
At 10°0. green fruits ripen very slowly and the change in pectin is 
slow, although total pectin decrease slightly during the 42-day storage 
period. It seems logical that the insoluble pectin in the ripe fruit should 
change very slowly, since the tomatoes remain firm throughout the storage 
period. The changes in color of fruit are slight. The ripe tomatoes had 
taken on a slightly lighter tinge, and the mature green fruit color had faded 
to a greenish yellow with considerable pink spreading away from the calyx. 
The flesh of the ripe and mature green fruit had remained quite firm and 
of a good color, but the taste was flat, having lost the characteristic acid 
flavor of the tomato. 
The smallest changes in pectins occurred in tomatoes stored at 2.2°0. 
This was true only when the fruits were held at this temperature because 
when removed from 2.2°0. to room temperature changes in pectins occurred 
very rapidly. The insoluble pectin tended to remain constant in both the 
green mature and ripe fruit, while the soluble pectin decreased slightly 
during the 35-day storage period in the ripe fruit. Little change occurred 
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in the green mature fruit while very little change was noted in the color of 
the green fruit and it remained quite solid to the end of the storage period 
of 35 days. The ripe fruits at the end of the fourth week showed a lighter 
shade of red than when placed in storage, although they remained firm. 
Since the fruits did remain firm, little change might be expected in the 
pectin. 
DISCUSSION 
The results obtained in this work agree with results obtained by other 
investigators from similar studies of the pectic substances of other types 
of fruit. This was true when Appleman and Conrad's (2) modification of 
the Carre-Haynes' (8) method was used. 
An inter-related change of pectins from the insoluble to the soluble 
form was the normal process in the ripening of the fn1it. Such a change 
caused the soluble pectin to accumulate at the expense of the insoluble form 
as the fruit matured. However, a decrease in the soluble and total pectin 
occurred at the highest storage temperature, 21.1°C. 
I•'rom a study of the tables it will be noted that the rate of change in 
soluble and insoluble pectin varied directly with the storage temperature. 
Very little change in the pectin-protopectin ratio occurred at 2.2°C. The 
changes were greater at l0°C. and very rapid at 21.1°C. 
Appleman and Conrad (2) reported an increase of soluble pectin as 
the tomato ripened. The tomato is a short lived fruit, and its metabolic 
activity ~s high so one might expect a decrease in soluble and total pectin 
over a fairly long storage period, especially at the higher temperatures. 
This concurs with the work of Carre (7), who reported that all pectic sub-
stances of apples decreased after a peak of pectic accumulation, about the 
time the fruit gained full ripeness. 
From the practical point of view it was found that tomatoes remained 
in a better condition at lO"C. than they did at either 2.2°C. or 21.1°C., 
2.2°C. proved too cool and 21.1°C. too warm for the keeping of fresh toma-
toes. It seems, therefore, that the ideal temperature for the storage of 
tomatoes lies somewhere between l0°C. and 21.1°C. In a recent publication, 
Wright et al (20) found l0°C. fairly satisfactory but 12.8°C. was better 
and recommended the latter temperature for either storage or delayed-
ripening purposes. 
Although pectic changes are much slower at 2.2°C. than at l0°C., the 
latter storage temperature is recommended since the fruits do not break 
down so rapidly when removed to room temperature. 
SUMMARY AND CONCLUSIONS 
1. The percentage of soluble pectin increased as the fruit passed from 
the green to the ripe condition either on the vine or in storage. 
2. The rate of increase from insoluble to soluble pectin varied directly 
with the temperature, the highest temperature giving the more rapid change. 
3. Soluble pectin as well as insoluble pectin decreases if the storage 
period is prolonged, especially at higher temperatures. 
4. The keeping qualities of the tomato do not seem to be wholly de-
pendent upon the rate of pectic change, but softening of the fruit is ac-
companied by changes from the insoluble to the soluble form. 
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Among insecticides, nicotine occupies a position of exceptional import-
ance. Attempts to synthesize compounds in the N-heterocyclic series which 
duplicate or even closely approach it in toxicity to certain insects have been 
largely unsuccessful. The recent synthesis of neonicotine (14), and the 
discovery of its naturally occurring optical isomer, anabasine (11, 12, 15, 4) 
have, however, furnished two compounds in a related series which resemble 
it in insecticidal activity. Compared with several other important organic 
insecticides, notably the pyrethrins and rotenone, nicotine is a compound 
of rather simple structure; and it seems peculiar that other closely related 
compounds of value, besides those mentioned above, have not been dis-
covered. 
A number of investigations of the toxicity of N-heterocyclic compounds 
to insects have been published. LaForge (7, 8) synthesized, and Richard-
son and Shepard (13) studied the insecticidal action of a group of these 
compounds which are closely related to nicotine. Harlan ( 5), Tattersfield 
(17) and Tattersfield and Gimingham (18) have also made important con-
tributions to this subject. The low toxicity of the related synthetic com-
pounds which they examined convinced these authors that it is the make-up 
of the nicotine molecule as a whole rather than the presence of a specific 
toxic linkage or toxophore grouping which is responsible for the extreme 
toxicity. The attachment of the pyrrolidine nucleus a,t the ~-position of 
the pyridine ring, and the presence of an asymetric carbon atom have aJ.so 
been mentioned (17) as contributing to the toxicity of nicotine. More 
recent investigations With neonicotine (14) indicate, however, that a high 
degree of toxicity is possible in a pyridyl compound in which piperidine 
rather than methyl-pyrrolidine occupies the ~-position. The similarity in 
structure, physical properties and insecticidal action of neonicotine and 
nicotine furnished an incentive for this further investigation of toxicity in 
the N-heterocyclic series. 
Previous chemical studies of nicotine (2) have shown that the mol-
ecule is a very reactive one and that the reactive point in the molecule, 
H H2 H2 
C C-C 
/"'. I I 
HC C - C CH2 
I I I"'./ 
HC CH H N 
"'./ I 
N CH3 
i National Research Fellow 
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is the carbon-nitrogen bond of the pyrrolidine nucleus adjacent to the PY· 
ridyl group. The weakness of this bond is apparently due to the extreme 
negativity of the pyridyl radical (3). This information suggested an in-
vestigation of the toxicity to insects of a series of a-substituted N-methylpyr-
rolidines in which the negativity of the substituting radical varied within 
wide limits. Unfortunately the difficulty of synthesis renders inaccessible 
the more desirable compounds, i.e. those in which an extremely negative 
radical occupies the alpha position on the pyrrolidine nucleus. 
All members of the series investigated contain an asymmetric carbon 
atom and optical activity is therefore possible. Since resolution of the in-
active compounds would be extremely difficult, the strongly laevorotatory 
nicotine was racemized, and the inactive form was compared with the other 
members of the series. 
EXPERIMENTAL 
The method of determining the relative toxicity of the compounds was 
essentially that described by Tattersfield and Morris (16) in which groups 
of the insects are uniformly sprayed in an inclosure with aqueous solutions 
or emulsions of the compounds. The test insect was the bean aphid, Aphis 
1·umicis L., taken directly from one of its host plants, Nasturtium, grown 
in the greenhouse. Only the adult wingless forms were used in the tests. 
The spray solutions or emulsions were usually made up to contain 0.25 
per cent by weight of sodium oleate which served as a spreading agent. As 
a-(p-chlorophenyl)-N-methylpyrrolidine will not form a stable emulsion 
with 0.25 per cent soap, it was necessary to shake the mixture thoroughly 
before each application. The toxic value was also checked by doubling the 
soap concentration, the increased soap exerting a peculiar solvent effect 
which converted the emulsion into a true solution. All the compounds were 
oils except a-(p-hydroxyphenyl)-N-methylpyrrolidine which is a solid and 
therefore required a different treatment. It was first dissolved in a small 
volume of acetone and then diluted to volume with the calculated amount of 
soap solution. A more concentrated solution than that given could not be 
used as it tended to crystallize in the spray nozzle. 
The spray preparations were delivered through a small atomizer nozzle 
at such a rate that 0.56 g. of liquid fell in 30 seconds on the dish that held 
the group of insects. This value was checked at intervals throughout the 
course of the experiments to insure its constancy. There were ten insects 
in each group, and five replications were made for each concentration of a 
compound. ·whenever practical, sufficient concentrations were employed to 
indicate the trend of the toxicity curve. 
After spraying, the aphids were immediately placed on fresh nasturtium 
leaves previously arranged in small bottles containing water to preve,nt 
wilting. The bottles were set in pans of water to preclude escape of the 
insects. The dead and living insects were counted after twenty-four hours. 
All experiments were accompanied by controls which received a spray of 
0.25 per cent sodium oleate solution alone or of sodium oleate and acetone 
of the same concentration employed in the several experiments2 • Previous 
2 Tattersfield and coworkers have used a 1 per cent saponin instead of soap as a 
spreading agent in their toxicity experiments. Our data for nicotine with 0.25 per eent 
sodium oleate a.re, however, in substantial agreement with their data from 3 year's ex· 
periments with nicotine and saponin (18). OtN:ir data, independently derived in this 
laboratory, confirm this agreement. Apparently a coneentration .of 0.25 per cent sodium 
oleate has no greater influence upon the toxicity of nicotine for adult wingless A.phis 
mmicis than does 1 per cent saponin, and it is a somewhat better spreading agent. 
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work under identical experimental conditions showed that this concentration 
of sodium oleate kills from about 16 to 20 per cent of the adult wingless 
aphids. As the results from the control groups were slightly variable in the 
different experiments, the actual percentage of mortality is not given but 
rather the net percentage of mortality, a term defined by the expression, 
(X--:)lOO , where Xis the per cent alive in the control group and Y the 
percent alive in the experimental group. 
The results are given in table 1. 
TABLE 1. To~ty data for so1ne a-substituted N -methylpyrrolidinea w•th 
..i!phis rwmiois as the test inl.sect 
Concentration g. Range in net Average net 
Compound per 100 cc.a p 'ct 'g Mortalityb p 'ct 'g Mortalityb 
a-(t}-Pyridyl)-N-methyl- 0.1 73-100 87 
pyrrolidine (!·nicotine) 0.05 42-77 66 
0.033 16-69 43 
0.025 10-40 22 
0.02 10-20 14 
0.01 0-29 12 
Racemic a-(t}-Pyridyl)-N- 0.2 79-100 93 
methylpyrrolidine 0.134 55-77 66 
( dZ·nicotine) 0.1 37-58 42 
0.1 40-70 51 
0.033 0-26 11 
a-(p-Ch.lorophenyl)-N- 1.0 88-100 97 
methylpyrrolidine 0.5 29-88 54 
0.5 75-100 92 
0.4 22-45 35 
0.33 0-60 30 
0.33 53-100 69 
0.33 0-53 16 
0.25 5-26 18 
0.25 11-44 31 
0.25 0-20 12 
a-(p-Methoxyphenyl)- N- 1.34 - 100 
methylpyrrolidine 1.0 68- 100 83 
1.0 38-100 73 
0.8 37- 90 61 
0.77 . 5-16 8 
0.66 0-40 26 
0.5 0-30 12 
a-( p-Hydroxyphenyl )-N-
methylpyrrolidine 1.0 0-11 2 
a-Phenyl-N- methyl· 4.0 100 
pyrrolidine 2.0 60-100 80 
1.33 25-87 49 
1.11 26-58 45 
1.0 0-20 6 
0.333 0-29 7 
a-n-Butyl-N-methyl- 3.33 
-
100 
pyrrolidine 2.0 44-100 73 
2.0 26-58 41 
1.54 30-70 54 
1.33 0- 77 39 
1.0 0 26 - 13 
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Table 1, continued 
Concentration g. Range in Average net 
Compound per 100 cc.• p 'ct'g Mortality~ p 'ct 'g Mortality2 
a-n-Propyl-N-methyl- 5.0 
-
92 
pyrrolidine 4.0 
-
48 
4.0 76--100 83 
3.3 30-50 40 
3.3 0-17 7 
2.0 0-22 6 
1.33 0-46 8 
- ------
a-Ethyl-N-methyl- 5.0 0-11 2 
pyrrolidine 2.0 
- 0 
-
a-Methyl-N-methyl- 7.1 0-20 9 
pyrrolidine 4.0 
-
0 
2.0 - 0 
N-Methylpyrrolidine 4.0 0-20 10 
a Time constant, 24 hours. 
b Five groups of 10 insects each. 
TABLE 2. Comparative toxicity to A.phis rumicis and some physioal constants of 
certain a-substituted N-'Tnethylpyrrolidines 
Approx. Con-
Compound centration in Dissociation Boilng Point Nature of 
a.-substitued-N- g. per 100 cc. Constant ·c. spray liquid 
methylpyrrolidine for 50 percent 
Mortality 
{3- Pyridyl-( I-nicotine) 0.04 9 x 10- 1 248 solution 
Racernic f}-Pyridyl-
(di-nicotine) 0.12 9 x 10-1 248 solution 
a-(p-Chlorophenyl)- 0.44 5 x 10-6 118/9 =· emulsion 
a-( p-Methoxyphenyl )- 0.8 8 x 10-6 130/9 mm. emulsion 
-· 
a-(p-1Iydroxyphenyl)- >1.0 a solution 
·-
a- Phenyl- 1.33 6 x l(}-6 217.5 emulsion 
- -----
a-n-Butyl- 1.8 6 x 10-:S 170 emulsion 
a-n-Propyl- 3.8 6 x 10-5 147-8 emulsion 
a-Ethyl- >5.0 6 x 10-5 122-4 solution 
·-
a-Methyl- >7.1 6 x 10-:S 96--7 solution 
a-1Iydrogen-(N-
methylpyITolidine) >4.0 1.5 x 10-4 78 solution 
a A solid, melting point 157° C. 
In table 2 the toxicity data are summarized and the dissociation con-
stants and boiling points of the compounds and the nature of the spray 
liquid are included for comparison. The toxicity values are the approx-
imate concentrations, in grams per 100 cc., which produce 50 per cent net 
mortality in 24 hours. They were estimated from smooth curves fitted by 
eye to the toxicity data. Experience has shown the 50 per cent points to 
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be the most valuable statistics for comparative purposes derivable from this 
type of toxicity data. 
A study of the pharmacological action of these compounds is in pro-
gress in cooperation with Dr. D. I. Macht3 of the Hynson, Westcott and 
Dunning Laboratories at Baltimore, Maryland. The results are summarized 
in part in table 3 because of their comparative relation to the present work. 
The toxicity values given in table 3 are based upon the time required 
to kill goldfish, Carassius aureits, and tadpoles of Rana sylvatica and to 
inhibit the growth of seedlings of Lupinus albus. The index of growth is 
the percentage of growth of the seedlings in the experimental solution com-
pared with that made by seedlings in a nutrient solution, a method reported 
by Dr. Macht in numerous publications. 
Other pharmacological investigations to date have included only a 
comparison of l-nicotine and a-phenyl-N-methylpyrrolidine. Both com-
pounds produce a stimulation of uterine contractions, l-nicotine being much 
the more powerful. Neither compound affects the contractions produced on 
smooth muscle organs by a subsequent dose of epinephrine. Their effect 
upon the blood pressure and respiration has been studied by intravenous 
injection of cats under ether anesthesia. Although the toxicity is different, 
the lethal dose for l-nicotine being 2 mg. per Kg. of body weight, whereas 
that for a-phenyl-N-methylpyrrolidine is 12 mg., qualitatively the results 
are similar. Death in both cases was produced by primary paralysis of the 
respiration, secondary depression of the circulation, and standstill of the 
heart. 
DISCUSSION 
In the series of compounds studied the only variable from a structural 
standpoint is the a-substituent on the pyrrolidine nucleus. The change in 
basicity is the result almost entirely of the difference in negativity or rel-
ative affinity of each radical. This difference in the influence of the radical 
can best be expressed according to the theory of the "electron-sharing 
ability" of organic radicals of Hixon and Johns (6) which gives the dif-
ferent radicals a mathematical relationship.4 
An examination of table 2 shows an apparent correlation between the 
dissociation constants or basicity of the compounds and toxicity. It is 
doubtful whether hydroxyl ion concentration or basicity in itself plays a 
major role as toxicity increases in the series as basicity decreases. Change 
in toxicity is more probably the result of some change in the reactivity of 
the molecule, which is correlated with the same influence that increases or 
decreases the basicity, and which is most conveniently called the ''electron-
sharing ability" of the radical. 
a The pharmacological studies will be reported elsewhere by Dr. Macht. 
4 A negative radical is defined in terms of the tendency to take on an electron; sim-
ilarly, a positive radical is one which gives up an electron. This ''electronic potential'' 
cannot be measured by any known method. On the assumption that this potential is 
transmitted to and causes the variation in any polar group attached to a molecule, 
various radicals can be arranged in the order of their infiuence upon the free energy of 
the polar group. Since mass, steric factors, and orientation, as well as electronic 
potential, must play a role in this effect of the radical upon the free energies of the 
polar group, the phenomenon has been designated by the inclusive term "electron-
sharing ability". Any reversible reaction may be used as a measure of free energy; 
one of the most convenient measurements is that of the dissociation constants. For a 
more complete discussion o fthe term, ''electron sharing ability'', the reader is referred 
to the original work. 
TABLE 3. Toxicity of oertam o.·substituted N-m'3thylpyrrolidiites to goldfish, tadpoles, and Lupine Seet!lings 
Time in Mins. to Kill Goldfishd 
Compound Free Basea 
Z-o.(t}-Pyridyl)-N-methyl-
pyrrolidine (!-nicotine) 
dl-a(t}-Pyridyl)-N-methyl-
pyrrolidine (di-Nicotine) 
o.(p-Chlorophenyl)-N-
methylpyrrolidine 
a-Phenyl-N-methyl-
pyrrolidine 
a-n-Butyl-N-methyl-
pyrrolidin.e 
a-n-Propyl-N-methyl-
pyrrolidine 
o.-Ethyl-N-methyl-
pyrrolidin.e 
a-Methyl-N-methyl-
pyrrolidin.e 
- -
N-Methylpyrrolidine 
a Concentration 0.02 g. per 100 ce. 
b Concentration 0.1 g. per 100 cc. 
c Concentration 0.01 g. per 100 cc. 
d Carassius aweus. 
5 
-
-
12 
14 
15 
34 
68 
70 
H ydrochloridea 
15 
-
40 
47 
105 
155 
>1080 
>1080 
>1080 
Time in Mins. to Kill Tadpolese Index of Growth of Seedlings 
Percentage£ 
Free Base Hydrochlorideb Free Basea H ydrochloridea 
2o 5 46 69 
5o 
-
49 
-
12a 30 
-
81 
5a 18 40 73 
6a 78 54 75 
7a 1320 50 82 
Sa >4320 64 85 
12a 3600 66 88 
9a >4560 63 91 
e Rana sylvatica. Tadpoles used in tests with the free bases were 2 weeks old, those used with the hydrochlorides were l 
week old. 
f Percentage o.f gro,vth of Lupimts albus seedlings compared to that of the seedlings in Shive 's solution. 
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Such a correlation cannot be expected to hold quantitatively for each 
radical nor can a strictly linear relation be anticipated. Differences in 
physical properties which affect permeability may play an important role. 
Species resistance of the organism will no doubt be a disturbing factor in 
some cases. However, it is significant that the studies with other organisms 
place the compounds essentially in the same order of toxicity as the insec-
ticidal studies. 
A slight change in negativity of the substituting radical in the present 
series would not be apparent in the dissociation constant of the base deter-
mined by methods known at present as the influence must be transmitted 
through one carbon and one nitrogen atom. Therefore a.-n-butyl- and a-n-
propyl-N-methylpyrrolidine give substantially the same constants whereas, 
a slight difference exists in the negativity of the two a-substituents. 
The toxic values for l-nicotine and dl-nicotine are of considerable in-
terest aside from their relation to the values for other members of the 
series. If no toxic influence were exerted by the dextro half of the inactive 
nicotine, the concentration for 50 per cent mortality should be about 0.08 
g. per 100 cc. instead of 0.12 g., the value actually found. Macht (9) has 
shown that l-nicotine exerts a synergistic influence on dl-nicotine in its 
toxicity to goldfish placed in a solution of the alkaloid, to rats by intra-
peritoneal injection, and to cats and rabbits by intravenous injection. In 
all cases toxicity greater than the additive effect of the two preparations 
was noted. In contrast to these effects on vertebrate animals, a nearly equal 
mixture of dextro- and laevo-nicotine5 applied to the body surface of aphids, 
exerts perhaps a slight antagonistic action. Certainly there is no evidence 
of a synergistic effect. However, these results are not strictly comparable 
to those reported by Macht as his studies were concerned with mixtures of 
l-nicotine and dl-nicotine which contained 62.5 per cent of laevo- and 37.5 
per cent of dextro-nicotine. 
A study of the insecticidal action of d-nicotine would be instructive. 
d-Nicotine has been reported by Mayor (10) to be one-half as toxic to dogs 
and guinea pigs as l-nicotine and its physiological action to be of a some-
what different nature. 
A brief discussion of two of the recent insecticidal and pharmacological 
studies on anabasine and related compounds will not be out of place here. 
Campbell, Sullivan and Smith (1) give the following order of toxicity to 
Culex larvae ( C. pipiens, C. territans, and C. quinquefasciatus) of a num-
ber of these compounds; Nicotine 100; anabasine 38; methyl anabasine 21. 
They report also the results of several investigators who found anabasine 
as toxic as nicotine to a certain species of aphids, a result similar to that pre-
viously reported for the optically inactive neonicotine (14). It is interest-
ing to note that anabasine together with nor-nicotine (dl-[~-pyridyl]-pyr­
rolidine) has recently been isolated from tobacco by Ehrenstein ( 4) who 
also reports upon their pharmacological action. The effects of nicotine, 
nor-nicotine, anabasine and methyl anabasine ( dl-[~-pyridy ]-N-methyl-
piperidine) upon the tonus of frog muscle, and upon the blood pressure and 
heart activity of the cat after intravenous injection were qualitatively sim-
ilar but there were quantitative differences. On frog muscle the effect was 
manifested in the order: nicotine = methyl anabasine > anabasine > nor-
nicotine. All the compounds mentioned were less active than nicotine on 
s The specific rotation of the dl-mixture was -2. 71; as nicotine has a specific rota-
tion of -169, the content of l-nicotine of this mixture was about 1.6 per cent in excess. 
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the heart and on the blood pressure of the cat; anabasine and methyl ana-
basine, however, most nearly resembled nicotine in their action. 
SUMMARY AND CONCLUSIONS 
1. This is a study of the relative toxicity of a group of eleven a-sub-
stituted N-methylpyrrolidine compounds to the bean aphid, Aphis rurnicis, 
in which the negativity of the substituted radicals as measured by the dis-
sodation constants, varied within the limits of lQ-4 and 10-1 • The toxicities 
of most of these compounds for the goldfish ( Carassi1lS aureus) and for 
tadpoles of Rana sylvatica and their effect on the growth of lupine seed-
lings, (Lupinus albns) are included for comparison. 
2. The compounds were made up in aqueous solution with 0.25 per 
cent sodium oleate and administered as a fine spray to the adult wingless 
aphids. 
3. Toxicity to the aphids, expressed as the concentration which pro-
duces 50 per cent mortality in 24 hours, is correlated with the dissociation 
constants of the compounds, decreasing as the values of the constants in-
crease. Toxicity to the other organisms follows, in general, the same order. 
4. The progressive decrease in toxicity is not the result of a change in 
hydroxyl ion concentration. Rather it is correlated with that influence of 
the substituent which alters the reactivity of the molecule and simultaneous-
ly results in a change of basicity. This influence is conveniently called the 
"electron-sharing ability" of the substituted radical. 
5. The correlation between the electron-sharing ability and toxicity is 
not quantitative, neither does it show a strictly linear relation. Differences 
in the physical properties of the substituting radicals which govern per-
meability and differences in the "innate" resistance of species are disturb-
ing factors. Slight differences in the negativity of compounds may not be 
apparent in the dissociation constants yet the relative toxicity may be 
different. 
6. Z-Nicotine is considerably more toxic to aphids than the optically 
inactive mixture ( dl-nicotine). 
7. The recent literature on the toxic action of anabasine (dZ-(~­
pyridyl)-N-piperidine) and its N-methyl derivative is discussed in relation 
to nicotine. These compounds appear to be less toxic to certain insects and 
less active physiologically to vertebrates than nicotine. They resemble 
neonicotine, their optically inactive isomer, in being about equally toxic 
with nicotine to aphids. 
The authors are indebted to Dr. R. 1VI. Hixon for a critical reading of 
the manuscript. 
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STUDIES ON A COLOR DEF'ECT IN BUTTER1 
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Butter showing a pronounced pink color has recently been sent to the 
Dairy Industry Section of the Iowa Agricultural Experiment Station from 
two widely separated sources, with the request that the cause of the unusual 
color be determined. The results of the studies of the butter are reported 
herein. 
CASE 1 
A part of a quarter-pound print of butter was forwarded to the lab-
oratory from one of the westen1 states. The plant that had manufactured 
the butter shipped butter to various retail establishments but the pink color 
was reported through only one of them. 
DESCRIPTION OF THE DEFECT 
There were approximately twelve pink spots distributed over one end 
and about one-third of the length of the original print. The spots were 
irregular in size and shape with the long diameters varying from 1 mm. to 
15 mm. Sections through the print showed that the pink spots were present 
only at the surface and penetrated only to a depth of about 1 mm. In some 
instances there appeared to be a wrinkle in the parchment wrapper imme-
diately over a pink spot. 
EXPERIMENTAL 
The nature and distribution of the pink spots suggested that micro-
organisms might be responsible for them and, accordingly, microbiological 
examinations were carried out. Microscopic examinations indicated that 
the general flora of the pink areas was essentially the same as that of the 
normal butter. Plates poured with material taken from the pink areas, 
using various media and incubation conditions, showed that these areas did 
not contain unusual numbers or types of organisms. 
Since microorganisms did not appear to be responsible for the defect, 
the possibility of it being caused by a chemical reaction involving the butter 
color was investigated. Slices of the butter were placed in petri dishes and 
treated with diacetyl and solutions of sodium chloride, potassium nitrate, 
sodium hypochlorite, hydrogen peroxide and potassium chlorate. None of 
these reagents caused a significant color change. At this point in the study 
it was reported that the butter showing the color defect had been stored in 
a mechanical refrigerator and, accordingly, a sample of the butter was 
placed in a large wide-mouthed bottle, a small container of burning sulphur 
lowered into the bottle and the bottle tightly stoppered. After exposure 
to the sulphur dioxide for about 15 minutes, the butter had developed a 
i .Journal Paper No. B112 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project 113. 
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distinct pink color which became very pronounced on further exposure; in 
butter exposed for 19 days the pink color had penetrated to a depth of 
about 5 mm. It was noted that butter which had partially dried out by 
exposure to the air developed the pink color more quickly than freshly cut 
butter. 
HISTORY OF THE BU'ITElR 
Inquiry revealed that the butter developed the pink color in the re-
frigerator of a consumer; the machine used sulphur dioxide as a refrigerant. · 
In the retail establishment that distributed it, the butter may have been 
held in a refrigerator using methyl chloride as a refrigerant. The butter 
was known to have been made with certified butter color. 
After the development of the defect, prints of butter were held in the 
refrigerator of the consumer without an abnormal color developing; but 
later a pink color appeared in butter from two manufacturers when it was 
held in the refrigerator. One of the lots came from the manufacturer 
supplying the original butter and it definitely had not been in the refrig-
erator using methyl chloride. 
CASE 2 
Two one-pound prints of butter were sent to the laboratory by a dis-
tributor to whom the butter had been returned from the eastern market; 
the butter had developed the pink color in the refrigerator of a consumer. 
The prints were manufactured in two Iowa creameries. 
DESCRIPTION OF THE DEFECT 
One of the prints showed a great deal of pink color. Each of the ends 
was pink over most of the surface and wide, irregular, pink bands ran the 
length and width of each side near the edges while the extreme edges of the 
print and the centers of the sides were largely normal in color. Near the 
center of each side there were islands of pink color. The surface of the 
butter had apparently dried considerably since it showed salt crystals. 
Sections through the butter showed that the pink color involved only the 
surface and penetrated to a depth of about 1 mm. 
The other print showed only one small pink area and this was on an 
end; it seemed to be related to a fold in the parchment. Sections through 
the print showed no pink color beneath the surface. 
E..'{PERIMENTAL 
A microbiological examination of the butter indicated that neither of 
the prints contained unusual numbers nor types of organisms. 
Butter from each print was exposed to sulphur dioxide (obtained by 
burning sulphur) in a tightly closed bottle and a pink color quickly de-
veloped. 
HISTORY OF THE BUTTER 
Inquiry by the butter distributor revealed that certified butter color 
was used by the two plants supplying the butter. An examination, by a 
representative of the firm manufacturing the refrigerator in which the 
butter had developed the defect, showed that there was a leak in the gas 
line that permitted the escape of sulphur dioxide into the food compart-
ment. 
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ACTION OF VARIOUS REAGENTS ON BUTTER COLORS 
In order to study the action of various reagents on butter colors, four 
brands of color were selected. Three of these were marketed as certified 
butter color and the fourth as annatto color; the certified preparations gave 
tests for coal tar dyes while the annatto preparation did not. Each of the 
butter colors was worked into uncolored butter, both salted and unsalted, 
in an amount sufficient to give the butter a pronounced color. These 
samples, as well as the butter mentioned in cases 1 and 2 (which was re-
ported to have been made with certified colors), were then treated with 
various reagents. 
The treatment with a gas was effected by placing small samples of the 
butter in a large wide-mouthed bottle, filling the bottle with gas from a 
cylinder or generator, and then tightly closing the inlet and outlet tubes. 
The samples were treated with vapors or fumes by placing them, along with 
a small beaker -0f the reagent, in a large wide-mouthed bottle which was 
then tightly stoppered. Liquid and solid reagents were added directly to 
the butter after it had been placed on pieces of parchment in petri dishes. 
RESULTS OF VARIOUS TREATMENTS 
All of the butter samples colored with the certified colors became pink 
when exposed to sulphur dioxide or chlorine, or to bromine vapor while 
the butter containing the annatto color showed only a bleaching. None of 
the samples of butter showed any color change on exposure to methyl chlo-
ride, hydrogen sulphide or carbon dioxide. The fumes of hydrochloric or 
nitric acid caused the development of a distinct pink color in all the butter 
colored with certified preparations, but there was no change in the butter 
colored with annatto. The vapor of acetic acid effected no change in color 
in any of the samples, although the butter became very acid to the taste. 
Ammonia vapor caused a slight bleaching with all of the butter. Samples 
of butter which had become pink by exposure to hydrochloric acid bleached 
perceptibly when exposed to ammonia vapor but failed to lose the pink color 
entirely. When added directly to the butter, concentrated hydrochloric, 
nitric, sulphuric, phosphoric or lactic acid caused the pink color to develop 
in the samples containing certified colors, while the butter colored with the 
annatto preparation was not affected. Nitric acid apparently gave the most 
rapid and intense reactions with the certified colors and, accordingly, it was 
used later in testing various samples of butter for certified colors. Con-
centrated acetic acid or saturated aqueous solutions of boric, citric, tartaric 
and tannic acids did not produce color changes in any of the samples. 
Powdered calcium hypochlorite and solutions of sodium hypochlorite, 
calcium hypochlorite and sodium sulphite were added directly to the various 
samples of butter but none of them caused any color change except for a 
bleaching in certain instances. 
With various reagents the butter colored with certified colors showed 
the color change sooner when it was dried out on the surface than when it 
was freshly cut, and the salted butter apparently reacted more readily than 
the unsalted, although the difference was very slight. 
ACTION OF VARIOUS REAGENTS ON COAL TAR DYES 
COMMONLY USED IN CERTIFIED BUTTER COLORS 
The coal tar dyes commonly used in the manufacture of certified butter 
colors were studied from the standpoint of the color changes induced by 
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the various reagents used in the studies on butter colors. Each of the dyes, 
yellow AB (Benzeneazo-B-naphthylamine) and yellow OB (Ortho-toluenea-
zo-B-naphthylamine) was worked into uncolored butter, in an amount suf-
ficient to give the butter a distinct color, and the butter then treated with 
the reagents. In general, the reagents which produced a pink color in the 
butter containing certified butter color, also produced a pink color in the 
butter containing yellow AB or yellow OB, but with yellow AB the pink 
color developed more quickly and was much more intense than with yellow 
OB. 
The studies on yellow AB and yellow OB were repeated, using dyes 
from another manufacturer, and the same results were secured. 
ACTION OF NITRIC ACID ON BUTTER FROM VARIOUS SOURCES 
Samples of butter sent to the Iowa Agricultural Experiment Station 
from various sources for analysis or scoring were examined by treating 
each with a drop of diluted nitric acid (1 :1). Of the 66 samples studied, 
33 (or 50 per cent) developed a distinct pink color, and this usually was 
evident in one hour. The other samples showed no significant color change. 
DISCUSSION OF RESULTS 
The development of a pink color when normal butter from the prints 
showing the defect was exposed to sulphur dioxide, together with the in-
formation that the butter showing the irregular color was held in refrig-
erators using sulphur dioxide as a refrigerant, suggests that the action of 
escaping gas was responsible for the color defect. This explanation is sub-
stantiated by the fa.ct that, in the one case in which the refrigerator was 
examined, a leak which permitted gas to escape into the food compartment 
was found by a representative of the firm which had manufactured the re-
frigerator. Furthermore, all of the defective butter was known to have 
been made with certified butter color and experimental butter made with 
any one of the three certified colors studied became pink when exposed to 
sulphur dioxide. 
It should be recognized, however, that there are other reagents that can 
be responsible for the development of a pink color in butter made with cer-
tified color. While most of these reagents are not likely to come in contact 
with butter, a pink color in butter that is not due to microorganisms should 
only be attributed to sulphur dioxide after a careful consideration of the 
conditions under which the defect developed. 
The action of sulphur dioxide on butter made with certified color pre-
sents a situation that should be definitely recognized in connection with the 
use of this refrigerant. 
SUMMARY 
Print butter, showing areas of distinct pink color at the surface, was 
forwarded to the laboratory from two widely separated sources, with the 
request that the cause of the pink color be determined. 
Microbiological studies indicated that the flora of the butter included 
neither unusual numbers nor types of organisms. ·when portions of the 
butter that were normal in appearance were exposed to sulphur dioxide, a 
pink color quickly developed. The butter from each source had been held 
in a mechanical refrigerator using sulphur dioxide as a refrigerant and, in 
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the one instance in which an examination was made, a leak permitting sul-
phur dioxide to escape into the food compartment was located by a repre-
sentative of the firm manufacturing the refrigerator. 
Butter from each of the sources developed a pink color when exposed 
to sulphur dioxide or chlorine, to bromine vapor, to the fumes of hydro-
chloric or nitric acid, or when concentrated hydrochloric, nitric, sulphuric, 
phosphoric, or lactic acid was placed on the butter. A number of other 
reagents failed to produce a pink color. The butter was reported to have 
been made with certified color. Three small lots of butter prepared in the 
laboratory with three certified colors reacted with various reagents in the 
way that the normal butter from the prints showing the pink color had 
reacted, but one lot made with annatto color did not develop a pink color 
with any of the reagents. Butter containing either yellow AB or yellow 
OB also developed a pink color when exposed to a number of reagents; with 
yellow AB the pink color developed more quickly and was much more pro-
nounced than with the yellow OB. 
Sixty-six samples of commercial butter from various sources were 
treated with diluted nitric acid (1 :1) and 33 (or 50 per cent) of them 
became distinctly pink. 

A STUDY ON THE USE OF ARSENICAL DUST FOR THE 
CONTROL OF JUNE BEETLES1 
BERNARD V. TRAVIS AND G. C. DECKER 
(Co-authorship) 
From the Section of Entomology, Iowa .Agriioultur.al Experiment Station 
Accepted for publication May 15, 1933 
In June of 1932 the members of the Golf and Country Club at Hamp-
ton, Iowa, were greatly concerned over the appearance of large numbers of 
June beetles which were defoliating their oak shade trees. Spraying or 
dusting seemed out of the question, partly due to the scarcity of experi-
mental data on the effectiveness of these measures and partly due to the 
unavailability of the necessary spraying and dusting equipment. The mem-
bers of the Club, however, engaged a local airplane and urged the writers 
to cooperate with them in conducting an experiment in airplane dusting. 
Shortly after daybreak on June 14, while the leaves were still wet with 
dew, dusting operations were started. After a small area had been dusted 
it was observed that the rate of application was much too light. On the 
next trip, which was to have doubled the rate of application over the same 
area, the plane was badly damaged in making a forced landing, and dusting 
was necessarily discontinued. · 
With only a small part of the grove very lightly dusted, it appeared at 
the time that the experiment would be a complete failure. However, three 
days after treatment many dead beetles were found on the ground under 
the trees. The beetles continued to die by the thousands for three or four 
days, after which time no additional dead beetles were observed. With this 
encouragement, the writers decided to conduct laboratory tests to secure 
additional data on the value of calcium arsenate dust as a means of con-
trolling June beetles. 
METHODS 
In each experiment, beetles that had been collected from oak trees were 
confined in screen covered cages which were placed over trays of soil. Just 
after sundown fresh oak leaves were gathered and lightly sprayed with 
water to give conditions somewhat comparable to foliage wet by fog or dew. 
These leaves were then spread on the ground and dusted with poison by 
means of a hand duster. The dust mixture used in the airplane test and in 
all of the labortary experiments consisted of 40 per cent calcium arsenate 
and 60 per cent bentonite. (Bentonite was selected as a diluent because of 
its adherence properties). Dusted leaves were placed in the cages and the 
beetles were permitted to feed at will until morning. 
No mathematical basis for calculating or regulating the exact amount of 
arsenic deposited on each leaf was devised. However, the poison was ap-
plied to the foliage at three distinct rates of application: (1) leaves dusted 
until nearly white (heavy); (2) leaves dusted until only a film of the 
arsenate appeared on the surface (light) ; (3) leaves dusted to an inter-
mediate degree (moderate). 
1 Journal Paper No. B113 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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One-half of the beetles receiving poisoned foliage were given treated 
leaves on two successive nights, whereas the remaining half received poi-
soned foliage only during one night. Fresh untreated leaves were provided 
on the nights when treated leaves were not furnished in the cages. Dupli-
cate series were run and, unless otherwise stated, 50 beetles were used in 
each test. Each experiment was accompanied by four checks, two of which 
received fresh, unpoisoned food each night and two of which received no 
food on nights when the experimental cages received dusted foliage. The 
soil was sifted daily to determine the number of dead beetles. An indi-
vidual that was able to move its legs was considered to be alive. The sexes 
were caged and counted separately, because of the obvious difference in 
their death rates and an apparent difference in their susceptibility to 
poisoning. Pl1!1Jl'lophaga hirticula (Knoch) was used in experiments I, II, 
III, and V, P. rugosa (Mels.) in experiment IV. 
EXPERIMENTS 
Four parallel experiments were made to determine the effects of various 
weather conditions upon the feeding habits and mortality of beetles given 
poisoned leaves. As the results appear significantly different, the condi-
tions for each experiment will be discussed separately. 
Experirnent I. The beetle in this experiment received poisoned foliage 
on June 23, and those which were to receive a second treatment were given 
poisoned foliage on June 24 also. The cages were kept in a screened in-
sectary where they were exposed to approximately out-of-door tempera-
tures. The minimum temperatures on these two nights were 61° F. and 
69° F., respectively. Under these conditions the beetles were active early 
in the evening and moderate feeding occurred. The morning after the 
first treatment it was observed that the margins of the leaves were almost 
free from poison, and, as the beetles normally eat along the edges of the 
leaves a high mortality was not to be expected. This proved to be true. 
(Experiment I, table 1). 
Experirnent II. This experiment was started June 30 under adverse 
weather conditions. The minimum temperatures for June 30 (58° F.) and 
July 1 (50° F.) were so low that the beetles were sluggish and very little 
feeding occurred. A heavy rain during the second night of the experiment 
washed much of the poison from the leaves so that the beetles consumed 
very little poisoned foliage. As a result there was an appreciable lowering 
of the number of beetles killed. (Experiment II, table 1). 
Experiment III. On July 9 a third set of experiments was started, 
and to overcome the prevailing low temperatures, these beetles were placed 
in a warm room. Although the temperature of this room dropped from 75 ° 
F. to 65° F. during the night, the beetles were active and fed normally. 
The beetles became active early in the evening, but those given poisoned 
leaves ate very little, while those feeding upon unpoisoned foliage fed rav-
enously. This difference in the amount of treated and untreated foliage 
consumed was observed also in experiments I and IV. (Experiment III, 
table 1). 
Experiment IV. On July 11, a series of P. rugosa was given the same 
treatment as the P. hirticula in experiment III. It appears that the two 
TABLE 1. .A .mmmary showitng the percenta-ge of dead beetles 7!e h<YUrs after treatment of foliage with calcium arsenate 
I Female beetles Male beetles 
I Experiment No. I I Experiment No. 
Treatment 
! I I I III I IV I Weighted Control I I I II I III Weighted Control x-y(lOO) x-y(lOO) > mean mean :;o II x x f{3 
No. of beetles in each lot I 50 I 50 I 50 I 25 I I 50 I 50 I 40 I z ..... 
Heavy 2 nights I 79 I 60 1 921100 I I 100 I 94 I 98 I 
0 
> 
Heavy 2 nights 85 I 10 I 98 100 I 98 . 86 100 I:"' Average 82 I 65 95 100 84 82 I 99 90 99 96 93 t::t d 
Heavy 1 night I ~g I 441 96 I 100 I I 1~~ I 861 961 r.n "3 Heavy 1 night 34 82 84 80 92 l:rj Average 39 89 92 72 68 83 !J4 91 85 0 
Mderate 2 nights 
I 881 20 I 88 I 841 I i~ I 66 I 92 I 
:;o 
0 Moderate 2 nights 52 12 66 88 78 100 0 
Average 70 16 77 86 59 53 72 96 82 70 z 
"3 
Moderate 1 night 
I I 221 72 I 641 I 841 62 I 100 I 
;:,, 
0 Moderate 1 night 48 56 72 94 82 88 I:"' 
Average 35 64 68 53 47 89 72 94 84 73 0 
Light 2 nights 
I I 20 I 86 I I I I I I 
l:rj 
c., 
Light 2 nights 18 40 I d Average 19 63 41 33 z t>J 
Light 1 night 
I !~ I 12 I 60 I 72 I I I I I t:D Light 1 night 16 22 ~ Average 14 41 72 37 29 8 
Check no feed 
I ii 14 I ii 321 I ~1 46 I ~ Check on feed 16 36 r.n Average 15 32 11 70 41 37 
Check fed 0 10 10 36 23 72 38 
Check fed 8 22 6 39 64 32 
Average 4 16 8 36 13 31 68 35 45 
""" 
co 
i;ll 
496 BERNARD V. TRAVIS AND G. C. DECKER 
species are about equally susceptible to calcium arsenate poisoning. (Ex-
periment IV, table 1). · 
Experiment V. Twenty-five P. hirticula females were rolled in calcium 
arsenate dust until their bodies were covered with the poison. They were 
then confined in a cage without food. At the end of the third day 16 per 
cent of the treated beetles and 20 per cent of the check beetles were dead. 
DISCUSSION OF DATA 
The data for the third day were selected for presentation, largely be-
cause of the rising death rate in the male checks. Had the data for the 
fifth or sixth day been chosen for presentation, the mortality of the female 
beetles would have been increased appreciably, especially in the moderate 
and light treatments; for example, in experiment I on the sixth day the 
percentage of beetles killed by the various treatments were, 99, 91, 88, 82, 
and 10 respectively, instead of 82, 79, 70, 40, and 2 as given in table 1 (third 
day) . It should be noted that these tests were conducted late in the flight 
season and the high death rate of the males was due somewhat to their ad-
vanced age. 
The formula, x-y (100) =percentage of control (where x = num-
x 
her live in checks and y =number live in experiments) was applied to the 
data in order that the results for the two sexes might be more easily com-
pared. The use of this formula did not materially change the relationship 
existing between the percentage killed in the various experiments, and the 
death rate of the males continued to be higher than that of the females. 
The application of the formula to the data of the third day unduly re-
duced the values for the heavy treatments because most of these beetles had 
died on the first and second days when the number dead in the checks was 
very low. Also, the high mortality of the checks in experiment IV gave an 
m1justifi.ab)y low value to y and therefore, further reduced the apparent 
control values. 
Great differences were observed in the daily death rate of beetles re-
ceiving leaves which were coated with varied amounts of the arsenical. The 
heavy applications killed in 24 to 48 hours, whereas the lighter treatments 
did not give high kills until 48 to 96 hours after the beetles had fed upon 
the poisoned foliage. In fact, in all experiments the moderate and light 
applications gave high mortalities as late as 5 or 6 days after treatment. 
Figure 1 illustrates graphically the percentage of dead beetles occurring 
24, 48, 72, and 96 hours after treatment for both male and female beetles. 
The data for these curves were taken from experiment III, because this ex-
periment was conducted under reasonably favorable conditions. The same 
data taken from the other experiments are so similar that repetition of the 
graphs seems unwarranted. 
When it was observed that the beetles fed sparingly upon poisoned 
foliage the question of a possible increase in mortality due to voluntary 
starvation arose. This problem was disposed of favorably when the checks, 
which received no food for two days, showed no appreciable mortality over 
those fed every day. The reduced feeding on poisoned foliage was prob-
ably due to the first effects of the poison causing a cessation of feeding. 
Since very little feeding occurred on leaves receiving heavy applica-
tions of dust, it was suspected that the beetles might have received a lethal 
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Fig. 1. A graph illustrating the percentage of beetles dead, 24, 48, 72, and 96 hours 
after treatment. The quantity of arsenic and the number of nights poisoned foliage 
was offered are indicated as follows: HlN = Heavy one night, H2N = Heavy two 
nights, MlN = Moderate one night, M2N = Moderate two nights, LlN = Light one 
night, L2N = Light two nights, and CK = checks. 
dose of poison by cleaning their dust-covered appendages with their mouth-
parts. The results of experiment V proved rather conclusively that beetles 
in experiments I, II, III, and IV were killed by eating poisoned foliage. 
In fact the writers saw no evidence of the so-called "cleaning up" habit 
displayed by some insects. 
In all of the experiments, except number II, good results were secured 
by moderate and heavy applications of dust and fair results were secured 
from light applications. If this data can be substantiated by further ex-
periments, dusting with calcium arsenate can be recommended as an effi-
cient method of preventing defoliation by June beetles. 
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SU.MM.ARY 
1. It was evident that the beetles were killed by eating poisoned food and 
not by ingesting free dust from the surface of the leaves or from their 
appendages. · 
2. Males appeared to be more susceptible to arsenical poisoning than fe-
males. · 
3. When the temperature was too low to induce normal feeding, good re-
sults could not be secured. · 
4. Moderate and heavy applications of calcium arsenate killed from 65 to 
100 per cent of the beetles in less than 72 hours. 
5. There was a direct correlation between the rate of application of the 
dust and the time required to kill the beetles. 
6. Undusted foliage was readily consumed, whereas, poisoned leaves were 
eaten only sparingly. 
OBSERVATIONS ON THE WINTER SURVIVAL OF PLANT LICE 
IN IOWA (HOMOPTERA-APHIIDAE) 1 
FLOYD ANDRE AND H. D. TATE 
(Co-authorship) 
From the Se<lti-On of Entomology, Iowa Agricultwral Experiment Station 
Accepted for publication May 18, 1933 
A cursory review of entomological literature reveals that plant lice are 
thought to overwinter principally in the egg stage in the northern part of 
the United States. While studying the hibernation habits of hemipterous 
insects, the writers obtained data showing that in Iowa certain species of 
plant lice may overwinter in the nymphal and adult stages of apterous and 
alate viviparae as well as in the egg stage. 
Knowledge of the fact that a certain percentage of the summer forms 
of some plant lice survive the inclement season in the more northern states, 
may add considerably to our understanding of the behavior of this group of 
insects. It is not unlikely that spring and early summer injury may be 
more or less correlated with winter survival of viviparous forms. Further-
more, the economic importance of this phenomenon may be greatly aug-
mented by the fact that certain species of the family Aphiidae are known to 
be the natural agencies concerned in the dissemination of numerous virus 
diseases of plants. Since all stages of viviparae of some species are able to 
survive the winter and then to continue their activities in the spring, it is 
possible that they may serve as overwintering reservoirs for plant viruses. 
Interest in the latter possibility was further stimulated because only re-
cently (Drake, Harris, Tate, 1932) plant lice have been shown to be asso-
ciated with the dissemination and perpetuation of yellow dwarf, a serious 
virus disease of cultivated onions in eastern Iowa. 
Records of the winter survival of plant lice in the southern states are 
not uncommon-especially in the Carolinas, Tennessee, Oklahoma and Texas 
where the mean normal temperature during the winter months is approx-
imately 40° F. or higher and the minimum temperature seldom approaches 
0° F. This survival, however, is probably not "true" hibernation but is in 
reality a period of suspended activity due to low temperatures. Plant lice 
found in such areas in the spring are probably the offspring of more or less 
continuous viviparous reproduction and not the individuals present the 
previous fall. 
Wadley (1931) reported that Toxoptera graminum Rondani was ap-
parently able to survive the cold seasons where minimum temperatures 
were somewhat above 0° F. and temperatures were often high enough to 
permit some development. According to Kelly ( 1917), T. graminum may 
survive in Kansas, especially during the mild winters. Matheson (1919) 
collected viviparous females of the apple grain aphid, Rhopalosiphum 
prunifoliae (Fitch), near the bases of their summer host plants but did not 
determine whether these forms could live through the winter and then 
continue their normal activities in the spring. Baker and Turner (1916) 
1 Journal Paper No. B114 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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collected small numbers of Aphis pomi DeGeer in Virginia which had been 
subject to -6°F. on one occasion in January. No records of survival as 
far north as central Iowa or Nebraska have been found in the literature by 
the writers. 
For collecting aphids in Iowa during the winter season, a modified 
Berlese funnel was found to be quite suitable. A large cone-shaped funnel 
20 inches in diameter at the top and tapering to one inch at the bottom with 
a circular wire screen of a sufficient diameter to set about four inches be-
low the top of the cone was suspended in a frame so that a pint milk bottle 
could be readily placed under it. Materials such as leaf mold, moss, sod 
and the like were brought in from the field, and spread more or less uni-
formly over the screen. Anything crawling or falling through the screen 
was directed by the funnel into the bottle below, which was partially filled 
with alcohol, except when living material was desired. Certain of the more 
active insects such as Diptera, Hymenoptera, and Neuroptera not infre-
quently escaped from the debris, and it seems highly probable that some of 
the aphids either perished in handling the material or escaped in the labor-
atory. 
The average temperature (figure 1) at Ames, Iowa, during October, 
November and December (1932) was several degrees below norinal (58-
year mean). Conversely, January 1933 was the warmest January during 
the 58 years that weather records have been recorded at this station, where-
as, February and March were only slightly above normal. The maxima 
and minima as shown in the graph, figure 1, represent both the highest and 
lowest temperatures recorded at any time during the month concerned-
thus covering only a one-day reading-and represent the actual extremes. 
The lowest temperature recorded during the winter was -23° F. (Feb. 9). 
On February 25, two alate females of Rhopalosiphum prunifoliae (Fitch) 
were taken from bluegrass which was collected in an open field near Ames. 
The ground at the time had only traces of snow on it so that the aphids had 
been exposed openly to the cold for some time. Likewise, at Ottumwa, 
Iowa, on December 26 (1932) aphids representing three different genera.-
namely, Myzus, Aphis, and Macrosiphum-were collected from moss after 
having been subjected to a temperature of -19° F. on December 16. Al-
though a covering of snow, no doubt, affords considerable protection to 
aphids and other insects during cold periods all of the specimens taken by 
the writers were from exposed areas where no snow-cover occurred at the 
time collections were made. The apple grain aphid, Rhopalosiphum pruni-
f oliae (Fitch), was found more frequently than any other species. It oc-
curred most commonly in Thuridirum delicatulum, (L.) Nutt. a moss, as 
well as in bluegrass sod. 
Table 1 includes a list of the aphids2 taken together with the locality 
and the material in which they were found. 
In several instances it was impossible to determine the forms further 
than the genus because only nymphs, one or two adults, or specimens mu-
tilated in handling were secured. Some idea concerning the number of 
plant lice that may survive in a given area can be obetained from the fol-
lowing records taken at Ottumwa, Iowa. An area containing approximately 
four square feet of moss was marked off, loosened about one inch below the 
ground-line, rolled up in a carpet-like manner, and then placed in collect-
2 Aphiidae determined by Dr. F. C. Hottes. 
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Fig. 1. Graph showing maximum, minimum and mean monthly temperatures for the 
winter -0f 1932-33, and the mean temperature from 18.75 to 1933, as recorded by the U. 
S. Weather Bureau observation station at Ames, Iowa. Rainfall is shown by rectangular 
bars. 
ing funnels with the plant side resting upon the screen. From this ma-
terial one alate and two apterous viviparae and four nymphs were ob-
tained. Bluegrass sod is also a suitable medium from which to obtain over-
wintering individuals, for in several instances from three to five plant lice 
were collected in an area containing approximately three square feet on 
the college grounds at Ames. Based upon these plots the number of aphids 
that survive in favorable overwintering areas may be well above seventy-five 
thousand to the acre. ·winter survival of summer forms is without ques-
tion greatly influenced by the fall and winter aspect of the surrounding 
vegetation. 
It has been observed by the writers that mature individuals, collected 
in the field during the early spring before the temperatures were sufficient-
ly high to permit normal activity, will feed and begin viviparous reproduc-
tion when they are subjected to favorable conditions. On April 5 (1933) 
when the outdoor temperature was about freezing, several viviparous adults 
of Rhop.alosiphu.m prunifoliae (Fitch) were collected from bluegrass sod 
and confined on growing plants in the greenhouse. Within a few hours 
these females began parthenogenetic reproduction and continued their life 
processes in a normal manner. 
Date 
collected 
Nov. 24 
Nov. 28 
Nov. 28 
Dec. 26 
Dec. 26 
Dec. 26 
Dec. 26 
Dec. 26 
Dec. 26 
Feb. 20 
Feb. 25 
March 16 
March 20 
March 20 
March 20 
April 5 
No. 
TABLE I. Showing species of aphicla collected, d.ate of collection, stage of 
det1el<>pment, habitat and looality 
collected Stage* Genus and species Habitat 
1 Nymph Macrosiphum sp. Moss 
3 Adults Rhopalosiphum prunifoliae (Fitch) Moss 
-· 2 Nymphs 
" " 
Moss 
5 Nymphs Myzus sp. Moss 
1 Nymph Sub. fam. Eriosomatinae Moss 
1 Adu1t-(aia~ Rhopalosiphum prunifoliae (Fitch) Moss 
4 Nymphs Macrosiphum sp. Moss 
4 Adults (alate) Macrosiphum pisi (Kalt) Moss 
5 Nymphs Aphis sp. Moss 
1 Adult (apterous) Rhopalosiphum prunifoliae (Fitch) Moss 
2 Adults (alate) " " Bluegrass 
1 Adult (alate) " " " 
1 Adult (alate) " " Moss 
2 Adults (apterous) " " Moss 
4 Nymphs " " Moss 
8 Adults ( apterous) " " Bluegrass 
* All specimens were viviparae. 
Locality 
Ottumwa, Ia. 
Ames, Ia. 
Ames, Ia. 
Ottumwa, Ia. 
Ottumwa, Ia. 
Ottumwa, Ia. 
Ottumwa, Ia. 
Ottumwa, Ia. 
Ottumwa, Ia. 
Ottumwa, Ia. 
Ames, ia. 
Ames, Ia. 
Ottumwa, Ia. 
Ottumwa, Ia. 
Ottumwa, Ia. 
Ames, Ia. 
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Perard ( 1925) first demonstrated that the oocysts of Einieria per{ oranis 
and E. stiedae of the rabbit are relatively susceptible to heat as compared 
with the high degree of resistance they offer to ordinary chemical disin-
fectants. The next workers to study the lethal effects of heat upon coccidia 
were Becker and Crouch (1931), who found that the oocysts of both 
Eimeria nwgna and E. perforans, in a two per cent aqueous solution of 
potassium dichromate, were killed by a ten minute exposure to a tem-
perature of 51° C. More recently, Fish ( 1932) has made a rather extensive 
study of the lethal effects of various temperatures and chemical solutions 
acting for varying lengths of time upon the oocysts of Eimeria tenella of 
the chicken. It is of special interest in the present discussion that he noted 
the death of both the unsporulated and sporulated forms at a temperature 
of approximately 53° C. for an exposure interval of 10 minutes. 
The object of the present study was to establish the thermal death 
point of the sporulated and unsporulated oocysts of Einie1·ia miyairii (i.e., 
the lowest temperature which will kill 100 per cent of the organisms dur-
ing a 10 minute exposure), and to determine the relation of time and tem-
perature to mortality. 
The technique employed differed somewhat from that of previous ex-
perimenters. The unsporulated oocysts were taken directly from the caecum 
of the rat on the eighth day after the date of infection with the sporulated 
material. At this time numerous unsporulated oocysts were emerging from 
the intestinal epithelium and so became free in the lumen. When the 
oocysts appear in the pellets after passing through the whole length of the 
intestine, they often undergo considerable mortality, perhaps due to desic-
cation. But when they are taken directly from the caecum, 98-100 per cent 
of them complete their development in appropriate media, so that no 
mortality factor in the controls needs to be taken into consideration in 
calculating the percentage of death due to experimental conditions. 
An electrically controlled water bath was constructed to hold a con. 
stant temperature within approximately 0.2° C. The content of the caecum 
was first mixed with a 2.0 per cent potassium dichromate solution. This 
material was centrifuged, then mixed with distilled water, centrifuged 
again, and the process repeated three times. After the last washing the 
material was mixed with saturated salt solution, and the oocysts floated 
by centrifuging. The water bath was adjusted to a certain constant trial 
temperature. Sterile specimen vials containing 2 cc. of sterile distilled 
water were suspended in the bath. A 4 mm. horizontal platinum loop was 
used in transferring a 0.01 cc. suspension of oocysts from the surface of 
the salt to one of the vials in the bath. At the moment the loop was im-
mersed in the vial a stop-watch in the left hand was punched. At the end 
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TABLE 1. The effeot of heat on the de'Velopment of the unsporulated 
occysts of Eimeria m\,yairii 
Temperature Time oi Percentage of development 
degrees C. exposure ( sporule.t~on) 
41 24 hrs. 0.0 
21 hrs. 1.0 
18 hrs. 10.0 
15 hrs. 34.0 
12 hrs. 66.0 
9 hrs. 80.0 
6 hrs. 88.0 
3 hrs. 97.0 
45 2 hrs. 10.0 
2.5 hrs. 0.1 
3 hrs. 0.0 
47 20 min. 60.0 
25 min. 15.0 
28 min. 9.0 
31 min. 0.0 
48 13 min. 18.0 
14 min. 10.0 
16 min. 0.0 
49 5 min. 4.0 
6 min. 2.0 
7 min. 0.0 
50 3 min. 3.0 
4 min. 0.0 
51 1 min. 1.0 
2 min. 0.0 
52 0.2.5 min. 40.0 
0.50 min. 1.0 
1 min. 0.0 
53 0.083 min. 88.0 
0.16 min. 60.0 
0.25 min. 0.0 
0.50 min. 0.0 
of the trial period of exposure the vial was removed swiftly and plunged 
into cold water. The vial content of fresh undeveloped material was plugged 
with cotton and set aside for 72 hours to permit sporulation at room tem-
perature. At the end of this time, a specimen was drawn off from the 
bottom of the vial for microscopic examination. In the case of the un-
sporulated material, the criterion of death was the failure of the organisms 
to form spores within the cyst. When organisms failed to initiate sporula-
tion within 72 hours, a longer incubation proved to be of no further value. 
Sporulated oocysts for the temperature tests were obtained by ''cul-
tivating" the unsporulated forms from the rat cecum in 2.0 per cent 
potassium dichromate. The sporulated material was concentrated and sub-
jected to a trial temperature in the manner just described for the un-
sporulated forms. After the vial was plunged into cold water, the content 
was fed to a young rat known never to have become infected previously, 
and hence to be very susceptible. After seven to eight days, pellets were 
expressed from the rectum of the rat for microscopic examination. The 
continued absence of unsporulated oocysts from the feces was the criterion 
for the death of the sporulated oocysts; and, conversely, the presence of 
unsporulated oocysts was considered to be indicative of survival at the 
trial temperature. 
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TABLE 2. The effect of ooriow temperatwres and. times of ea;poswre on the infectwity 
of the spomlated. oocysts of Einnena miyairU for the white rat 
Test rat 
No. 
4 
8 
3 
13 
19 
2 
5 
14 
1 
6 
23 
24 
25 
7 
15 
20 
21 
22 
16 
17 
18 
Temperature 
degrees C. 
48 
48 
49 
49 
49 
50 
50 
50 
51 
51 
51 
51 
51 
52 
52 
52 
52 
52 
55 
55 
55 
I 
'l'ime of exposure 
in minutes 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
5 
4 
3 
10 
i 
2 
3 
1 
2 
3 
Result 
+ 
+ 
-* 
+* 
-* 
-
-
-
-
-
-
-
-
-
-
+ 
-
-
-
-
-
In the technique employed by Fish, 0.5 cc. of a suspension of the 
oocysts was introduced into an exposure vial containing 4.5 cc. of 2 per cent 
potassium dichromate solution. This procedure would increase the volume 
of liquid in the vial by one tenth, lower its temperature slightly and in-
troduce a small source of error. In the technique employed in this ex-
periment, 0.01 cc. of film of the suspension of coccidia on a loop was 
introduced into 2 cc. volume of liquid in the exposure vial. This pro-
cedure increases the volume of liquid in the vial by only one two-hundredth, 
and introduces but a negligible error on account of the cooling. The 
flotation method makes it possible to secure enormous numbers of the or-
ganisms, and the film on the platinum loop was usually clouded with them. 
A loopful on a slide would darken the field of the microscope. Likewise, 
flotation frees the coccidia from most of the organic matter, so that the 
use of a dichromate solution in the exposure vial to prevent bacterial action 
is unnecessary. Fouling of these culture tubes did not occur. Controls 
were maintained in all experiments on the unsporulated forms, and they 
always showed an incidence of development of from 98 to 100 per cent. 
The result~ of the experiments are shown in tabular form in tables 
1 and 2, and graphically in figure 1. It was found that the unsporulated 
oocysts are killed in 15 seconds at a temperature of 53° C. and in 24 hours 
at a temperature of 41° C. Thus, the lethal effects of heat accelerate 
rapidly with the increase of temperatures between these two points. The 
thermal death -point, i.e., the lowest temperature at which death occurs as 
the result of a ten minute exposure, is between 48 and 49° C., because 
death was noted at 48° in 16 minutes and at 49° C. in 7 minutes. It is 
shown at 48.5° C. in the curve (fig. 1, B). The sporulated oocysts were all 
* One positive and two negative results for this time and temperature indicate that 
49° C. is approxUn.ately the thermal death point. 
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Fig. 1. A. This graph shows the time in hours required to kill the unsporulated 
oocysts of Eitmeria miyairw at different selected temperatures. 
B. (Inset). The black line shows the time in minutes required to kill the un· 
sporulated oocysts of Eimeria miyairii at the higher temperatures represented in A. 
The broken line, based upon the results of three test temperatures, shows the time in 
minutes required to kill the sporulated oocysts. 
C. This graph depicts the percentage of development after the unsporulated oocysts 
have been kept for various lengths of time at 41 ° C. 
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Fig. 2. Log velocity (= log 1;time in minutes) plotted against 1/abs. temp. 
killed at 49° C. in 10 minutes in two tests out of three, so this temperature 
must be very near their thermal death point. The fact that the death points 
for the sporulated oocysts are shown from a half to a full degree above the 
same for the unsporulated oocysts at the three test temperatures does not 
necessarily indicate any important difference in their tolerance for heat, 
because it must be remembered that thousands of the heat-tested oocysts 
were fed to the rats, and if only one or several of each test had survived 
the trial temperature the rats would have become infected and the results 
would have been recorded as positive. 
Since the unsporulated oocysts die very slowly at 41° C., an experi-
ment was performed to determine the percentage of survival of the oocysts 
for varying lengths of time (Fig. 1, C). At this temperature all were 
killed in 24 hours, about 65 per cent survived after an exposure of 12 hours, 
and practically all survived after an exposure of 3 hours. The curve shown 
is somewhat S-shaped. 
It was suggested that the van't Hoff-Arrhenius equation, 
µ.(l 1 ) 
- 'T"'i' K2 = Kle 2 1 2 
be applied to the data for the time and temperature required to kill the 
unsporulated oocysts, and the value of the critical thermal increment (µ of 
Arrhenius, 1889) be determined. First, the values for the reciprocals of 
the absolute temperatures were obtained, and then the logs of the recip-
rocals of the various lengths of time (in minutes) required to kill at these 
temperatures. Then the values in the first set were plotted against the cor-
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responding ones in the second (Fig. 2). It may bes noted that of the nine 
points in the graph, six lie almost on a straight line, while the other three 
are not far removed. 
When the velocity constants (K11 K 2 ) and absolute temperatures 
( T 11 T 2 ) corresponding to several of the points nearest the line were sub-
stituted in the previously stated formula, µ values of from 140,000 to 
146,000 were obtained. It should be stated, however, that the experiment 
was not planned with this analysis in mind. It is possible that subsequent 
work will show that some other point, such as the half-kill or three-fourths-
kill, is a more accurate criterion for the time and temperature effects than 
total kill. 
CONCLUSIONS 
1. The thermal death point (10 min. exposure) for the sporulated 
and unsporulated oocysts of Eimeria miyairii is approximately 49° C.,-
apparently a fraction of a degree less for the unsporulated forms. 
2. The unsporulated forms are killed in 15 seconds at 53° C., and 
in 24 hours at 41° C. 
3. The sporulated forms perish in 2 minutes at 52° C. 
4. The critical thermal increment (µ) for the death of the unsporu-
lated oocysts, as computed by the van 't Hoff-Arrhenius equation, is about 
140,000. 
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Furoic acids, decarboxylation temperatures 
of, 429, 430 
Galactoses, 136, 137 
GalT!us domesticu.s, 261 
changes in digestive tract of, 273 
digestive tract of, 261 
gross anatomy, 272 
Gelatin liquefiers, 107 
Gelatinolysis, determination of, 93, 107 
maximum temperature, 93, 100 
mercury-protein precipitation method, 
94, 100 
viscosity method, 95, 101 
Gentianaceae (Gentian family), 229 
Gentiobiose, 120 
Geraniaceae (Geranium family), 219 
Glass electrode, calibration of, 114 
Gluco-heptose, 126 
Glucose, derivatives, 140, 141 
derivatives, tri- and tetra-alkylated 144 
Glutaric acid derivatives, 136 ' 
Glycerol, 133 
Glycol, determination of, 383 
Glycosides, 126 
literature of, 119 
Graminaceae (Grass family), 
Grid voltage supply, 167 
Guaiacol furoate, 42·1 
furylacrylate, 424 
Guttiferaceae (Hypericaceae) ·(St. John's-
wort family), 223 
Gyrimospermae, represented in Iowa State 
College herbarium, 181 
Haloragidaceae (Water Mi.lfoil family), 
226 
Hamamelidaceae (Witch-Hazel .family) 
213 . ' 
Heterocyclic compounds, nitrogen, 477 
Hippocastanaceae (Horse chestnut 
family), 222 
Homoptera-Aphiidae, 499 
Hydrocharitaceae, 183 
Hydrogen ion concentration for optimum 
activity of wheat amylase, 257 
Hydrolysis, acid, 72, 77 
alkaline, 73, 78 
of pentosans from corn cobs, 29 
Hydrolytic methods, for separation of 
cotton cellulose, 65 
Hydrophilic colloids, 467 
Hydrophyllaceae (Waterleaf family), 231 
Hydroquinone difuroates, 424 
o-Hydroxyphenyl furylacrylate, 425 
p-Hydroxyphenyl furylacrylate, 424 
Insecticidal action, of furan compounds on 
flies, 428 
in the nitrogen heterocyclic compounds, 
477 
of some furan compounds, 419 
of some furan compounds, table o.f, 422, 
423 
Inulin, 123 
Iowa flora, 177 
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Iridaceae (Iris family), 197 
Ixodes sculptu.s Neuman (Ixodidae), 35 
Ix<>des sculptu.s, 35 
adult, 40 
description of, 36 
distribution of, 35 
habits of, 40 
host relation of, 35 
larva of, 38, 39 
life cycle of, 40, 42 
life history, 37 
literature on, 35 
nymph, 39 
Juglandaceae (Walnut family), 199 
Juncaceae (Rush family), 195 
Juncaginaceae, 183 
June beetles, control of, 493 
grups of, 397 
habits of, 397 
Labiataceae (Mint family), 232 
Lactose, 119 
Leguminaceae (Pea family), 215 
Leguminosae, pollen o.£, content of, 50 
pollen of, description, 47, 48, 49 
pollen of, morphology of, 43 
Lemna, growth of, 13 
growth of, under sterile conditions, 13, 
14, 15 
technique of, 13 
transfer chamber, 13, 14 
Lemnaceae (Duckweed family), 194 
Lentibulariaceae (Bladderwort family), 
237 
Lethal factors in death of oocysts of 
Efflieria miyairii, 505 
Levan, 123 
Life history and habits of Ixodes sO'!dptu.s 
Neuman (Ixodidae), 35 
Liliaceae (Lily family), 195 
Linaceae (Flax family), 219 
Literature o.£ alkylated carbohydrates. 
VII. Alkyl derivatives of disacchari-
des, polysaccharides, glycosides, and 
miscellaneous substances, 119 
Loasaceae (Loasa family), 224 
LupVrw.s albu.s, 482, 484 
Lycopodiaceae (Club Moss family), 181 
Lythraceae (Loosestrife family), 225 
Lyxose, 134 
Malonic acids, 431 
Maltose, 120 
Maltotetrose, 123 
Maltotriose, 122 
Malvaceae (Mallow family), 223 
Mannose derivatives, 137 
Manometers, use of in oxygen absorption, 
159 
Martyniaceae (Martynia family), 237 
Melibiose, 120 
Melezitose, 120 
Menispermaceae (Moonseed family), 209 
2-, 3-Methyl glucose, 140, 141 
4-, 5-, 6-Methyl glucose, 142 
n-Methylpyrrolidine compounds, toxicity of, 
484 
Metallic salts in weighted silk, 1 
Microscopic anatomy of the digestive tract 
of Gallu.s domesticu.s, 261 
Migration of bacteria in butter, methods of 
study, 454, 456 
Migration of bacteria through butter, 453 
Miscellaneous disaccharides, 122 
Mold, aroma-producing, 433 
cultural characters, 434 
morphology of, 433 
Mono- and di-alkylated glucose derivatives, 
140 
Monomethyl ether of 2,4- di-hydroxybenzo-
furan, 420 
Monomethyl, galactoses, 136 
mannose, 137 · 
Moraceae (Mulberry family), 201 
Mutual conductance, equation of, 166 
Najadaceae, 183 
Natural alkylated carbohydrates of debat-
able structure, 148 
Nicotine, 478 
as an inaecticide, 477 
toxic values of, 483 
Nitrogen heterocyclic compounds, insec-
ticidal action in, 4 77 
Notes on the habits of June beetles in 
Iowa (Phyllophaga-Coleoptera), 397 
Nyctaginaceae (Four-O'Clock famliy), 205 
Nymphaeaceae (Pond Lily family), 206 
Observations on the winter survival of 
plant lice in Iowa (Homoptera-Aphiidae), 
505 
OidVwm. suaveolens, 436, 437 
Oleaceae (Olive family), 229 
Onagraseae (Evening Primrose family), 
225 
Oocysts of Eimeria miyairti, 505 
thermal death point of, 505, 506, 507 
Ophioglossaceae (Adder's Tongue family), 
179 
Orchidaceae (Orchis .family), 197 
Orobanchaceae (Broom-rape family), 237 
Osmundaceae (Flowering Fem family), 
179 
Oxalidaceae (Wood-Sorrel family), 219 
Oxidation-reduction potentials, observation 
of, 168 
Oxygen absorption, in soils, 153 
measurement of, 153, 154 
rate of, 155, 156, 157 
Papaveraceae (Poppy family), 209 
Partition of, constituents of plant tissue, 
26 
the constituents of the comstalk by the 
action of alkali, 17 
fibrous material, diagram of, 20 
Pectic compounds, rate of decomposition, 
467 
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Pectin, influence of tempearture on, 474 
percentage of, in tomato, 474 
weight of, 472 
Pentode electron tube, 166 
Pentosan, destruction of, by cooking, 21, 22 
Pentosans, 443 
extracted from corn cobs, treatment of, 
33 
extracted from corn cob meal, 29 
from corn cobs, hydrolysis of, 29 
preparation of, 29 
recovery of 26 
removal of, 26 
Pentose derivatives, 133, 134 
Pentoses, 443 
Phenyl furylacrylate, 424 
Phopalosiphwm prumfoliae, 500 
Phrymaceae (Lop-seed family), 238 
Phyllophaga-{Joleoptera, 397 
adults of, 397 
collection data for, 402, 403 
copulation notes on, 399 
proportion of sexes collected in Iowa, 
404 
time of flights, 398 
p_ balia, 397 
P. congriw, 397 
in Iowa, 400 
P. crerw,lata, 397 
P. drakii, 397 
P. fosteri,, 397 
P. fraterna, 397 
P. fusca, 397 
P. futilis, 397 
P. hirticula, 397, 398, 399, 494 
P. hormi, 397 
P. iliois, 397 
P. implicita, 397 
P. inoorsa, 397 
P. margmalis, 397 
P. micans, 397 
P. mtida, 397 
P. prwnina, 397 
P. rugosa, 397, 494 
P. tristis, 397, 398, 399 
P. 1!ehemens, 397 
P. vilifrons, 397 
Physical - chemical properties o.f alcohol-
gasoline blends. I. Influence of al-
cohol concentration and of temperature 
upon the water-holding capacity, 461 
Physiological studies of the butyl-acetone 
group of bacteria. I. Gelatinolysis, 
93 
Phytolaccaceae (Pokeweed family), 205 
Pina.ceae (Pine family), 181 
Pith pulping, effect of caustic concentra-
tion on, 21, 22 
Plant lice in Iowa, 499 
Plant materials, furfural yielding con-
stituents of, 443 
method to determine, 449 
Platanaceae (Plant-tree family), 213 
Phl.ntaginaceae (Plantain family), 238 
Plate voltage supply, 167 
Polemoniaceae (Polemonium family), 231 
Pollen of Leguminosae, content, 50 
structure and content of, 43 
morphology of, 55 
structure of, 
Pollen, table of descriptions of, 51, 52, 53 
variations in Leguminosae, 54 
wall, 43 
Polygalaceae ( Milkwort family), 220 
Polygonaceae (Buckwheat .family), 202 
Polypodiaceae (Fern family), 179 
Polysaccharides, 123 
literature of, 119 
Pontederiaceae (Pickerel-weed family), 
195 
Portulacaceae (Purslane family), 205 
Potamogetonaceae (Pond-weed family), 
182 
Potentials, redox, 163 
Potentiometer, electron tube, 111, 168 
Primulaceae (Primrose family), 228 
Properties of alcohol blends, physical· 
chemical, 461 
Protopectin, 471 
Pseudomonas fl1MYrescens, 454 
Ps. fragi, 454 
Ps. graveo1,ens, 454 
Ps. schwylkilliensis, 454 
Ps. syria;antha, 454 
Pteridophyta in Iowa State College 
herbarium, 179 
Pulp, from cornstalks, 28 
from oat straw, 28 
yield of, 28 
Pulping, agent, 25 
of cornstalk tissue, 18 
process, fibrous and pith tissue, 25, 28 
Pyrolaceae (Wintergreen family), 228 
Pyrrolidine, 478, 481 
Quantitative, chemical estimation of textile 
fibers, 57 
estimation of silk fibroin in weighted 
silk, 1 
Ra:ffinose, 122 
Ranunclaceae (Crow.foot family), 207 
Rana syl1!atica, 482, 484 
Rayon, cellulose acetate, 69, 72 
Redox equilibria in bacterial cultures, 163 
Regenerated cellulose, ·in presence of cotton 
cellulose, 65 
Resedaceae (Mignonette family), 212 
Resorcinol difuroate, 421 
difurylacrylate, 425 
Rhamaceae (Buckthorn family), 222 
Rhamnose, 134 
Ribose, 134 
Rosaceae (Rose family), 213 
Rotenone, insecticidal value of, 419 
Rubiaceae (Madder family), 238 
Rutaceae (Rue family), 220 
Saccharogenic enzymes, 253 
preparation of, 254 
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Salicaceae (Willow family), 198 
Salviniaceae, 180 
Santalaceae (Sandalwood family), 202 
Saxifragaceae (Saxifrage family), 212 
Screen voltage supply, 167 
Scrophulariaceae (Figwort family), 235· 
Sculptured tick, 35 
Seed-bearing plants, 181 
Sedosan, 126 
Selaginellaceae, 181 
Serratia marcescens, 454 
Silk fibroin, ash of, 2 
Silk fibroin in weighted silk, 1 
Silk, weighted, 6 
effect of on cotton, 58, 59 
percentage o.f fibroin in, 8 
loss of nitrogen in, 8 
tin-phosphate, weighted, 6 
Simarubaceae ( Quassia family), 220 
Simple, inexpensive electron tube potentio· 
meter for use with the glass electrode, 
111 
Sodium oleate, as insecticide, 479 
Soils, oxygen absorption in, 153 
Solanaceae (Nightshade family), 234 
Solvents, cellulose, 60 
effect of on wool, 70, 71 
differential, for cellulose acetate rayon, 
76, 77 
rayon, 60 
silk, 58, 59 
wool, 57 
Sparganiaceae (Bur-reed family), 182 
Spermatophyta, represented in Iowa State 
Oollege herbarium, 181 
Stability of ethylene glycol in acid solu-
tions, 383 
Staphyleaceae (Bladder Nut family), 221 
Starch and glycogen, 123 
Streptocorou.s lactis, 453 
Storage, tomatoes in, 467 
Stress problem, 388 
Ritz's method, 389 
Trefftz method, 390 
Structure and content of the pollen of 
some Leguminosae, 43 
Studies on a color defect in butter, 487 
Study of the starch-digesting and sugar· 
forming enzymes of wheat, 253 
Study on the use of arsenical dust for the 
control of June beetles, 493 
Succinic acid derivatives, 133 
Sucrose, 119 
Sugars, alkylated products of, 119 
Sulphur dioxide, action on butter of, 490 
Synthetic disaccharides, 121 
Taxaceae (Yew family), 181 
Taxonomic position of an aroma-producing 
mold, 433 
Technique for the growth of lemna under 
sterile conditions with controlled tern· 
perature and light, 13 
Tetrahydrofurfuryl cinnamate, 427 
dichloroacetate, 427 
oxalate, 426 
salicylate, 426 
trimethylacetate, 421 
Tetrahydrofurylpropyl oxalate, 426 
Tetramethyl, glucoses, 146 
mannoses, 138 
Tetrasaccharides, 122 
Tetrose derivatives, 133 
Textile fibers, quantitative chemical estima-
tion of, 57 
2- Thio-ethyl glucose, 141 
ThUrridw.m ilelicatutwm, host to apple grain 
aphid, 500 
Thymelaeaceae (Oleaster family), 225 
Tiliaceae (Linden family), 223 
Time of exposure and temperature as lethal 
factors in the death of oocysts of 
Eimeria mi-yairii, a coccidium of the 
rat, 505 
Tin-phosphate-silicate weighting, 4, 7 
Tomatoes, keeping qualities and rate of 
pectic change, 4 7 4 
ripeness of, for storage, 470 
Total nitrogen of silk fibroin, 3 
Toxic values for nicotine, 483 
Toxicity data for Aphis rwmicis, 479, 480 
Treatments of :fibrous material, table of, 19 
Trehalose, 121 
Tri- and tetra-alkylated glucose derivatives, 
144 
Triethyl cellulose, 125 
Trimethyl cellulose, 125 
galactoses, 137 
glucoses, 144 
mannoses, 138 
Triose derivatives, 133 
Trisaccharides, 122 
Turanose, 121 
Two-dimensional elastic problems, 387 
Typhaceae (Cat-tail family), 182 
Ulmaceae (Elm family), 201 
Umbelliferaceae (Parsley family), 226 
Unweighted silk, 6 
Urticaceae (Nettle family), 201 
Use of ammonium hydroxide as a pulping 
agent for the grasses, 25 
Vacuum-tube potentiometers, materials for 
assembly of, 168 
Valerianaceae (Valerain family), 239 
Van 't Hoff-Arrhenius equation, application 
of, 509 
Variational problem, direct method of solv-
ing, 388 
Verbenaceae (Vervain family), 232 
Violaceae (Violet family), 224 
Vitaceae (Vine family), 222 
Voltage sensitivity, 165 
Voltage suply, grid, 167 
plate, 167 
screen, 167 
Water alcohol and ethylene glycol, distilla-
tion of, 384 
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Water-holding capacity of alcohol-gasoline 
blends, 461, 462, 463 
temperatures for, 465 
Weighted silk, 1 
Weighting agents, 1 
Weighting of silk, determination of, 4 
Winter survival in Iowa of plant lice, 499· 
Wool solvents, 69, 70, 71 
Wool solvents, 57 
potassium hydrnxide, 57 
Xylan, 123, 448 
Xylan-a=onium chloride agar, use of, 408 
Xylan, bacteria fermenting, 407 
of agricultural wastes, 407 
quantitative determination of, 408 
Xylose, 135, 448 
distillation of, 446 
ratio of, to phloroglucid, 443 
Zygophyllaceae (Caltrop family), 220 
